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The vibratory innocent heart murmur was described for the first time in 1915 by 
Sir George Frederic Still 
This photograph was acquired by the courtesy of the librarian at the Royal College of Physicians in London 
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Notes and abbreviations 
[η this thesis the term echo-Doppler signifies several combinations of the various methods 
of echocardiography and Doppler. 
Ultrasonography of the heart is used for measuring and imaging; it comprises: M-mode 
echocardiography, two-dimensional echocardiography, Doppler echocardiography. 
The Doppler technique can be applied using pulsed-Doppler, continuous-wave Doppler 
and colour-coded Doppler. 
\: amplitude 
AAO: ascending aorta 
*max: maximum acceleration of the blood velocity 
^O.RPA: ascending aorta at the level of the right pulmonary artery 
\SD II: atrial septal defect (secundum type) 
IB: decibel 
ECG: electrocardiogram 
F: frequency 
им: heart murmur 
Hz: herz 
н о е м : hypertrophic obstructive cardiomyopathy 
[CT: isovolumic contraction time 
LV: left ventricle 
LVET: left ventricular ejection time, measured from a M-mode echocardiogram 
LVETC: left ventricular ejection time, measured from a carotid artery tracing 
LVOT: left ventricular outflow tract 
4Hz : megaherz 
и VAS: minor valvular aortic stenosis 
PA: pulmonary artery 
PC: paediatric cardiologist 
PDA: patent ductus arteriosus 
PEP: pre-ejection period, measured from a M-mode echocardiogram 
PEPC: pre-ejection period, measured from a carotid artery tracing 
PEP/LVET: ratio of PEP and LVET 
PS: pulmonary stenosis 
RVOT: right ventricular outflow tract 
SMO: school medical officer 
(sub)AOS: (sub)valvular aortic stenosis 
VH: venous hum 
ш м : vibratory innocent heart murmur 
Vmax: maximum velocity of the blood flow 
VSD: ventricular septal defect 
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Chapter 1 
GENERAL INTRODUCTION 
1.1 History 
Since the invention of the stethoscope by Laennec in the early nineteenth century, 
physicians have debated the significance of heart sounds and murmurs. 
In 1915 George Still described the pathology of rheumatic endocarditis in his textbookand 
drew attention to a particular bruit. 
" which had somewhat of a musical character, but is neither of sinister omen nor does it indicate endocarditis 
of any sort In my own noiebooks I am in the habit of labelling it 'Physiological bruit', but only for want of 
some better name its characteristic feature is a twanging sound, very like that made by twanging a piece of 
tense string Tins bruit is found mostly in children between the ages of two ала six years Whatever may be 
its origin, I think it is clearly functional I have seen several cases in which it has given rise not only to 
groundless alarm, but to unnecessary restrictions, so that the child has been treated as an invalid and not allowed 
to walk about " 
This is the first description of the most common innocent heart murmur in childhood 
which is presently called Still's murmur or vibratory innocent heart murmur (VIHM) 
Now, some eighty years later, parents still show a great deal of "groundless" alarm if the 
general practitioner, school medical officer or paediatrician cannot decide about the 
innocent character of the heart murmur they have heard in a healthy child. 
Despite extensive epidemiological studies, phonocardiography studies and spectral 
analysis of this heart murmur conducted since 1925, the origin of the VIHM has still not 
been elucidated During the past two decades, effort has been made to bndge the gap 
between the stethoscope and ccho-Doppler. Some progress has been made, but there are 
still a lot of unanswered questions. 
In a review of the literature, we encountered the problem that often the VIHM has not 
been adequately distinguished from the other innocent heart murmurs which occur in 
childhood. Over the years numerous names have been given to an innocent heart murmur 
(VIHM mcluded or exclusively VIHM) as enumerated: 
physiological bruit (Still 1915) 
functional murmur, cardiorespiratory murmur (Thayer 1925) 
nonpathological murmur, transient systolic murmur (Lincoln 1928) 
intracardiac and extracardiac accidental murmur, inorganic murmur, hemic murmur (Gibbes 1929) 
nonorganic murmur (Sampson et al. 194S) 
innocent murmur, innocent mitral murmur (Evans 1947) 
precordial systolic murmur, benign precordial systolic murmur of unknown origin (Epstein 1948) 
innocent adventitious cardiac sound (Friedman et al 1949) 
non-blowing murmur (Harris et al 1949) 
vibratory cardiac murmur (Harris and Friedman 1952) 
systolic cardiac murmur (Taylor 1953) 
short systolic murmur (Lessof and Brigden 1957) 
anorganic murmur (Paulin and Mannheimer 1957) 
incidental murmur, murmur of unknown origin, innocent precordial murmur, 
innocent precordial murmur/coarse variety (Wells 1957) 
innocent (functional) cardiac murmur (Fogel 1957) 
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adventitious murmur, harmless systolic murmur (Luisada et al 1958) 
unexplained murmur, cardiopulmonary murmur, not significant murmur (McKusick 1958) 
innocent systolic murmur, functional systolic murmur, physiological murmur, systolic vibratory murmur, 
parasternal-precordial murmur (Fogel 1960) 
functional vibratory murmur, adventitious sound, non-pathologic vibratory murmur, 
twanging-stnng murmur, fiddle-string murmur, musical murmur (Castle I960) 
benign murmur, normal systolic murmur (Groom et al 1960) 
ejection systolic murmur, innocent vibratory ejection murmur (Braudo 1961) 
vibratory systolic murmur; vibratory murmur, innocent aortic ejection systolic murmur 
(Barlow and Pocock 1962) 
vibratory innocuous systolic murmur (Marienfeld et al 1962) 
decrescendo murmur (Craige and Harned 1963) 
physiological ejection systolic murmur, ejection systolic murmur, physiological ejection murmur, physiological 
systolic murmur (Leatham et al 1963) 
innocent cardiovascular murmur (Weaver and Walker 1964) 
mid-precordial musical murmur (Friedman 1965) 
innocent praecordial vibratory murmur, innocent vibratory murmur, praecordial vibratory murmur 
(De Monchy et al 1973 (A)) 
bona fide innocent murmur (Engle 1977) 
basal ejection murmur (Kawabon et al 1980) 
soft nud-systolic murmur (Cotter et al 1980) 
innocent musical murmur (Stein and Sabbah 1983) 
precordial murmur (Perry et al 1983) 
Still's murmur (Rosenthal 1984) 
Still's innocent murmur (Wessel et al 1985) 
vibratory innocent heart murmur (Van Oort et al 1986) 
asymptomatic murmur (Harpin and Ostman 1987) 
vibratory functional murmur (Miao el al 1987) 
Still's aortic vibratory murmur (McNamara 1987) 
precordial musical murmur (Pennestri et al 1989) 
innocent aortic vibratory murmur (McNamara 1990) 
normal vibratory midsystolic murmur (Perloff 1990) 
vibratory heart murmur (Szkutnik et al 1991) 
Still's-like innocent murmur, vibratory Still's-like murmur (Klewer et al 1991) 
vibratory innocent systolic murmur, musical systolic murmur (Gardiner 1991) 
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1.2 Definition of the vibratory innocent heart murmur and its distinction from 
other innocent heart murmurs 
Innocent heart murmurs in childhood can be subdivided into: 
• vibratory innocent heart murmur (VIHM) 
• pulmonary ejection murmur 
• cervical venous hum 
• carotid bruit 
• pulmonary branch murmur 
Vibratory innocent heart murmur 
The VIHM is a groaning, musically harmonic, low pitched, early-mid systolic heart 
murmur, heard most distinctively and best between the apex and the left lower sternal 
border. There is hardly any radiation to the upper right sternal border, while there is 
some radiation to the carotid artery. The loudness of the murmur seldom reaches grade 
3/6 of the Levine scale [Freeman and Levine 1933, Levine 1933]. On the phonocardio-
gram in the 70 Hz band, a diamond-shaped murmur is seen with a short period between 
the first heart sound and the onset of the murmur, which ends well before the second 
heart sound. There should also be normal splitting of the second heart sound. In most 
cases, a physiological third heart sound is heard at the apex. A systolic ejection click has 
to be excluded. 
As the VIHM is an innocent murmur, the medical history has to be without cardiovascular 
complaints and the results of electrocardiographic, radiological and echo-Doppler 
examinations, if performed, should be within normal limits. 
One of the aspects of the VIHM is its musical character, which has often led to it being 
called a musical murmur. Unfortunately there are several pathological heart murmurs, 
such as those encountered in aortic valve or mitral valve regurgitation, which have a 
(high pitched) musical character and in consequence are also named musical murmurs 
[Choo et al. 1985, Pennestri et al. 1989, Sheikh et al. 1984, Stein et al. 1983, Suzuki et 
al. 1986, Venkataraman et al. 1978]. So the term musical murmur is not a synonym for 
the гнм or for innocent heart murmur because it has been used for labelling pathological 
cardiac features. For the above reasons the term vibratory innocent heart murmur is 
preferred. 
Pulmonary ejection murmur 
The pulmonary ejection murmur is a grade 1-3/6, non-musical, low pitched, early mid­
systolic heart murmur which can be heard most prominently at the left upper sternal 
border with some transmission to the axilla, but not radiating to other sites. Phonocardio-
graphically, it is a low frequency crescendo-decrescendo mid-systolic murmur without the 
diamond shape of the VIHM. The murmur may persist well into adulthood and is particu­
larly prominent in individuals with abnormalities of the thoracic cage. 
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Cervical venous hum 
Піе cervical venous hum is a common, grade 1-3/6 continuous murmur in childhood. It is 
jsually most prominent in the right infra- and supraclavicular area. Sometimes the 
intensity is equal bilaterally. Compression of the jugular vein by hand, extreme rotation 
of the neck or a change to the supine position will abolish the murmur. The venous hum 
may resemble the murmur of a patent ductus arteriosus, arteriovenous malformation or 
е bruit of a goitre, but it is easy to distinguish by its behavior with a change in posture 
ind jugular venous compression. 
Carotid bruit 
Carotid bruit in children is a grade 1-3/6 systolic murmur best heard in the right 
supraclavicular area with a somewhat harsh mid-pitched character. Extension of the neck 
md shoulders and/or firm pressure on the subclavian artery will diminish or abolish the 
murmur. An ejection click and/or a systolic murmur in the right upper sternal border 
should be absent, otherwise valvular aortic stenosis has to be excluded. 
Pulmonary branch murmur 
The pulmonary branch murmur is an innocent murmur in infancy, most often heard in ex-
premature babies. It is a grade 1-2/6 mid-systolic, mid-high pitched murmur, located in 
the right and/or left infraclavicular area with radiation to the axillae and the back. The 
murmur is presumed to originate from the relatively acute angle of the bifurcation of the 
pulmonary artery. The murmur will disappear in the course of the first half year of life. 
If the murmur persists after that time, the presence of substantial peripheral pulmonary 
stenosis has to be considered. So, re-examination after several months is the best way to 
manage this type of innocent murmur. 
The most important differential diagnoses of the VIHM are hypertrophic obstructive 
cardiomyopathy, mild fibrous subvalvular aortic stenosis and mild valvular aortic stenosis. 
The high pitched murmur of a ventricular septal defect and mitral regurgitation should 
pose no differential diagnostic problems for any, to some degree skilled, auscultator. 
1.3 Epidemiology of the vibratory innocent heart murmur 
The prevalence of the VIHM in school-age children varies widely and has been reported tc 
be between 5 and 96%. In 1928, Lincoln, a school medical officer (SMO), heard a systolic 
heart murmur with a mostly musical quality in only 6% out of 325 school children she 
examined and followed-up for three to seven years. Sampson et al. [1945] reported a 5% 
prevalence of innocent heart murmurs in 2,000 school children examined by one SMO anc 
a 16% overall prevalence of innocent heart murmurs in about 8,000 schoolchildren b) 
several SMOs. In contrast a short systolic murmur was reported at the left sternal edge ir 
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96% of 100 healthy children aged 3-14 years [Lessof and Brigden 1957]. In 1958 Luisada 
et al. reviewed the prevalence of the innocent heart murmur and found percentages from 
12 to 61% and added their own finding of a prevalence of 75%. In infancy the prevalence 
of the systolic innocent heart murmur is reported to be somewhat lower, between 5 to 
57% [Braudo and Rowe 1961, Craige and Hamed 1963, Taylor 1957]. 
Sometimes it is not clear whether the authors distinguished the VIHM from other innocent 
heart murmurs, or whether all the innocent murmurs were lumped together. This possible 
lack of distinction between innocent murmurs cannot be the only reason for these widely 
different prevalences, as a VIHM is responsible for about 46-85% of the innocent heart 
murmurs in childhood [Barlow and Pocock 1962, Coleman and Doig 1970, Fogel 1960, 
De Monchy 1963 page 42]. 
The age distribution of the VIHM in childhood is at its maximum between 5 and 10 years 
of age [Epstein 1948, Fogel 1960, Lincoln 1928, Luisada 1958]. Sampson et al. [1945] 
reported no correlation between the age groups 5-9, 10-14 and 15-19 years and the 
prevalence of innocent heart murmurs in about 8,000 school children. 
Levine [1933] stated that "it is remarkable that with very little experience independent 
observers will designate the same murmur with practically identical terms". McLaren et 
al. [1980] mentioned a difference between the diagnoses of skilled (cardiologists) and 
less-skilled (trainees in cardiology) auscultato«: 74% versus 66% prevalence of a VIHM. 
In another study two independent examiners agreed on the presence of murmurs in each 
subject involved, but differed minimally in the grading of the loudness of the murmur 
[Klewer et al. 1991]. In two almost consecutive years (1939 and 1941), a remarkable 
difference (5 to 18%) was found in the prevalence of innocent heart murmurs by two 
different SMOs in about 2,000 and 600 school children in the same age groups in the same 
community [Sampson et al. 1945]. 
It is presumed that the VIHM is a murmur which the child "grows out of" [Fogel 1960]. It 
often disappears at puberty, but in some cases it persists into adulthood. The prevalence 
of an innocent heart murmur is reported to be 16 to 100% in adults [Cotter et al. 1980, 
Thayer 1925, Weaver and Walker 1964]. Whereas the VIHM is the most common innocent 
murmur in childhood, the innocent pulmonary ejection murmur is most common in adults 
[Weaver and Walker 1964]. Coleman and Doig [1970], however, reported a prevalence of 
44% for the VIHM and 36% for the pulmonary ejection murmur in 444 children (aged 1 
week to 14 years) who were referred to a clinic for cardiology. 
In a 20-year follow-up study on 96 individuals, 80% of the murmurs disappeared 
[Marienfeld et al. 1962]. Epstein [1948] mentioned that 22% of the murmurs disappeared 
during an average follow-up of 5 years during which examinations were conducted 4 
times annually. De Monchy et al. [1973 (в)] found a positive correlation between pubertal 
development and the disappearance of the VIHM. In a 5-10 year follow-up study on 133 
children, Temmerman et al. [1991] reported that 8% of the VIHMS disappeared. 
Follow-up studies have shown that the intensity of the innocent murmur varies in time. 
Lincoln [1928] mentioned that the intensity of what she referred to as "non-pathologic" 
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murmurs could markedly change in the same child with short intervals between the 
examinations, this was confirmed by Epstein [1948] Luisada et al [1958] reported on the 
intensity of heart murmurs measured by repeated phonocardiography in 87 school children 
during the two years of their study In nine cases the murmur increased, in 34 it 
decreased and in 44 it remained unchanged The same authors examined 500 children at 
school and found a heart murmur in 362 children, but in 14 cases it could not be registe­
red by phonocardiography De Monchy [1963 page 39] reported no change in the 
intensity of grade 2 or 3 innocent heart murmurs examined once annually during an 
observation period of several years A group of 228 school children with a heart murmur 
were referred to a paediatnc cardiology clinic by school medical officers for further 
cardiological evaluation according to a study protocol No heart murmur was heard in 1% 
of these children at the time of the clinical examination [Stuckey et al 1957] 
A relationship has sometimes been reported between a VIHM and cardiac pathology In 
two out of 96 individuals who were followed-up for 20 years Manenfeld et al [1962] 
found left ventricular hypertrophy on the electrocardiogram that "could even remotely be 
related to the previous murmur" (in connection with anaemia and systemic hypertension) 
Temmerman et al [1991] reported that the character of the murmur had changed m four 
out of 133 children with a VIHM who were followed-up for 5-10 years Echo-Doppler 
revealed an ASD II, VSD HOCM (with changed ECG, personal communication) and dilatation 
of the aorta (Marfan), respectively In another 4 children with a VIHM, an unimportant 
atrial left to nght shunt was detected by echo-Doppler and in one child with a VIHM mild 
mitral regurgitation was seen Weaver and Walker [1964] did not find any evidence of 
cardiac disease in 100 adults of 18 to 34 years of age who were followed-up for 16 years 
1.4 Etiology of the vibratory innocent heart murmur 
Smce the first description of the тнм by Still in 1915 and his curiosity about "whatever 
may be its origin", there have been a great deal of investigations and speculations about 
the genesis and the localization of this puzzling heart murmur 
The physical principles of cardiac murmurs 
Turbulence is the initiating factor for most cardiac murmurs [Sabbah and Stein 1976, 
Stein et al 1983] Any region of turbulence can be considered to be composed of fluid 
which moves in a random direction and with random velocity Sabbah and Stein [1976] 
found that intra-artenal pressure fluctuations were initiated specifically by turbulence in 
the blood and that this was transmitted as sound There was a Imear relationship between 
the acoustic power output and the degree of turbulence, which corresponded with the 
clinical gradation of the intensity of the ejection murmurs 
Danford and McNamara [1990 page 1919] stated that 
The ultimale physical explanation for murmurs may lie more in the consequences of turbulence, than in 
the turbulence itself 
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In the literature on turbulent blood flow, one often encounters the notion "Reynolds num-
ber" . Reynolds number is a dimensionless factor based on the flow velocity and kinematic 
viscosity of a gas or fluid and the diameter of the conduit this gas or fluid passes through. 
Mostly it is assumed that the transition from laminar to turbulent flow occurs at a 
Reynolds number of about 2000. 
Mc Kusick [1958 page 132] stated that 
Turbulence is 'not the whole story" in murmur production and turbulence and murmur cannot be 
equated to each other directly This is supported by the fact that in tubes with rigid walls, little or no 
murmur is produced even though the Reynolds numbers are tar in excess of the critical or transitional 
values. However, a murmur does occur when the same How occurs in a tube with walls of a flexible 
material, such as rubber or plastic. 
A possible explanation is that turbulence does occur in rubes with rigid walls but that the 
transmission of the murmur is muffled by the rigidity of the wall. 
Bruns [1959] reported that no murmur could be observed when plastic or latex tubes were 
connected to a Melrose extracorporeal circulation machine, while a pulsatile flow of water 
or blood could be recorded with Reynolds numbers which were well above the critical 
number. In the same paper it was reported that cavitation (another cause of turbulence) 
did not develop in flowing blood unless the driving pressure was of the order of 350 mm 
Hg. 
Six theoretical consequences of turbulence which could potentially produce heart murmurs 
have been described [Rushmer and Morgan 1968]: 
1. Eddies in the blood stream around jets. 
2. Vibration of the wall due to turbulent blood flow. 
3. Impact of a turbulent jet stream directly against the wall. 
4. Highly turbulent blood flow which produces cavitations (microbubbles) and forms 
a source of sounds. 
These four mechanisms generate sounds of many different frequencies with a somewhat 
"harsh" character. Therefore they cannot form the basic physical explanation for the 
genesis of the VIHM. 
5. Vortices which develop on the rim of a somewhat narrowed orifice will spread 
laterally and buffet against the wall, causing vibrations of a particular frequency 
together with their harmonics. 
6. If structures are placed in a flow, a periodic wake phenomenon arises which 
produces tones whose musical character will depend on the texture of the surface 
of the structure (Aeolin tones). 
The latter two possibilities are far more likely to form the physical basis for the genesis 
of the VIHM. In fact as early as in 1959 Brans postulated the importance of vortices and 
fluctuating wakes in the genesis of heart murmurs. He also stated that the acoustic force 
produced by the turbulence itself in the human circulation was below the threshold of 
audibility. On the other hand, wake fluctuations generate an acoustic force which does 
lead to audible sounds. 
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Acoustic transmission of heart sounds to the chest wall 
The transmission of sound once a murmur has been generated in the heart or great 
vessels, is influenced by absorption, reflection, refraction, resonance, selective attenuation 
and conduction at different velocities through the structures around the heart. Experiments 
on dogs revealed a transmission loss of 20-40 <IB for the various parasternal areas in the 
supine position. There is great attenuation of the murmur by the chest wall at frequencies 
of below 100 Hz and the sound appears to be highly dissipated at frequencies of above 
300 Hz. [Zalter et al. 1963]. Feruglio [1962] studied the transmission of heart murmurs in 
man using an intracardiac sound generator. At first, a water turbine was used, placed at 
the tip of a catheter and rotating under the impulse of an adjustable flow of normal saline, 
but it was difficult to produce adequately calibrated artificial murmurs. Further experi­
ments produced an intracardiac microvibrator based on an electromagnetic unit with a 
vibratory steel element, but it only produced single-frequency sounds. A combination of 
these two devices led to the development of a vibrocatheter in the form of a blind tipped 
catheter with four or more sideholes about 1 to 2 cm from the tip. It was covered by a 
narrow latex sleeve and connected to the pressure chamber of the magnetodynamic unit of 
a loudspeaker. Using this device, single-frequency sounds and composite sounds of 
various frequencies could be delivered into the heart. In man, frequencies of below 100 
Hz and above 350 Hz were also found to be greatly attenuated. Wide-band noises and 
composite sounds, such as human voices and the sounds of musical instruments, lost their 
higher frequencies when delivered into the heart and were distorted when they reappeared 
on the surface of the chest [Feruglio 1963]. 
The location of the vortices and wake phenomena in the heart and great vessels 
Brans [1959] stated that it is unnecessary to restrict musical murmurs to those generated 
by blood flowing past the chordae according to the theory on the origin of Aeolin tones. 
Any appropriate obstacle or orifice-like structure can generate wake fluctuations and 
therefore murmurs. The funnel-shape of the left ventricular outflow tract (LVOT) can be 
considered to be a physiological narrowing followed by a slightly wider ascending aorta 
(AAO). Only a few echocardiography data are available on the somewhat smaller cross-
section of the LVOT and the slightly wider AAO [Davidson et al. 1991]. Theoretically, this 
physiological narrowing of the LVOT can produce wake fluctuations and thereby musical 
tones e.g. a шм. Carotid artery tracings in children with a VIHM showed a pre-ejection 
period shorter than that in matched controls [De Monchy et al. 1973 (A)]. AS the pre-
ejection period is a parameter of myocardial contractility, it was postulated that this 
higher contractility accentuates the physiological narrowing of the LVOT and produces a 
VIHM. In children the contractility of the myocardium is higher than it is in adults, which 
may be one explanation for the much higher prevalence of a VIHM in children than in 
adults. Based on the frequent occurrence of a fine thrill seen on the carotid artery tracing 
in children with a VIHM and on the behaviour of the VIHM after the Valsalva manoeuvre 
(there is some delay before the maximum loudness of the VIHM is reached after the 
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manoeuvre has been completed, which is typical for left heart murmurs), the origin of the 
viHM can be localized in the left side of the heart [De Monchy 1963 page 98]. When 
Leatham et al. [1963] related the onset of the physiological systolic ejection murmur to 
the time of the ejection, they were uncertain whether the murmur with its low-pitched 
grunting quality (VIHM?) had an aortic or a pulmonary origin. Intracardiac phonocardio-
graphic studies revealed that it was more likely that the VIHM originated in the LVOT than 
in the right ventricle [Stein and Sabbah 1977, Wennevold 1967]. 
In the past, other theories have been put forward about the genesis and localization of the 
VIHM, such as the trigonoidation of the pulmonary cusps which results in systole in the 
relatively taut vibrating flaps, or rare aberrant tendons of the ventricle or pericardial 
rubbing [McKusick 1958 page 244]. Luisada et al. [1958] thought that the murmur was 
probably caused by pulmonary artery dynamics. Vibration of the ventricular septum 
[Scotto di Quacquaro et al. 1980], or a rare aberrant tendon in the left ventricle (LV) 
[Roberts 1969] or the heart muscle itself [Wells 1957] have also been proposed as the 
source of the VIHM. Nowadays, the origin of the VIHM is generally presumed to be in the 
left side of the heart [Danford and McNamara 1990 page 1923]. However, some authors 
tenaciously believe that periodic vibrations of the pulmonic leaflets are responsible for the 
VIHM [Perloff 1990 page 215]. 
In the early decades of this century, phonocardiography (formerly referred to as steno-
graphy) was applied to detect and identify specific cardiac murmurs [Lockart 1938, 
Rappaport et al. 1941]. It was of great clinical importance to be able to differentiate 
between the pathological heart murmur of rheumatic mitral insufficiency in childhood and 
the VIHM [Ash 1948, Evans 1947]. For this reason the first description of the VIHM by 
George Still was placed in the middle of his chapter about rheumatic endocarditis. 
The VIHM is a simple oscillation of constant frequency, such as would be produced by a 
tuning fork, whereas the murmur of e.g. mitral insufficiency is a chaotic mixture of 
amplitudes and frequencies [Harris et al. 1949]. 
Spectral analysis of heart murmurs provides important information about the way in 
which the dominant frequencies are related to the instantaneous Doppler velocities and 
thus to the degree of obstruction [Donnerstein 1989]. Johnson et al. [1985] demonstrated 
that the ratio of high frequencies to lower frequencies in heart murmurs increased as the 
pressure difference over the valve increased. It is believed that in all individuals an 
increase in the blood flow velocities in the AAO will raise the amplitude or frequency of 
the heart sounds into the audible range and result in the onset of a murmur or a greater 
murmur transmission [Klewer et al. 1991]. 
1.5 Echo-Doppler investigation of the vibratory innocent heart murmur 
Since the nineteen seventies, the technique of echo-Doppler has provided the opportunity 
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to perform anatomical and functional studies on the heart and great vessels in a harmless 
and easy way. This is an elegant tool to investigate the VIHM without causing discomfort. 
Relationship with anatomical features 
[n 1981, Nishimura et al. concluded that M-mode and two-dimensional echocardiograms 
can demonstrate the presence of false tendons in the LV, but that they do not necessarily 
cause systolic murmurs. The authors mentioned a prevalence of 0.5%, while another 
group of researchers reported a prevalence of 46% in a study which was published at the 
same time [Okamoto et al. 1981]. In the past decade conflicting reports have also 
appeared about the prevalence and a possible association between the VIHM and false 
tendons in the LV. In a morphological study on the heart of 636 children, false tendons 
were seen in 48% [Gerlis et al. 1984]. Luetmer et al. [1986] found a 55% prevalence of 
left ventricular false tendons in a series of 483 autopsy specimens of human hearts. In 
cardiac transplant candidates a prevalence of 37% was found for false tendons in the LV 
specimens. Previous echocardiograms showed 85% sensitivity and 82% specificity for 
false tendons [Keren et al. 1984]. Sethuraman et al. [1984] reported a prevalence of 0.4% 
for left ventricular false tendons in 1012 patients older than 12 years. No left ventricular 
false tendons were detected by Sholler et al. [1987] in a group of 41 children with a 
VIHM. Sharply contrasting results were found in a retrospective study by Harpin and 
Ostman [1987] who reported a prevalence of 83% for false tendons in the LV in a group 
of 197 children with asymptomatic murmurs. 
Several authors were unable to demonstrate a correlation between false tendons and the 
VIHM [Brenner et al. 1984, Geva et al. 1988, Miao et al. 1987, Ryssing et al. 1984, 
Schwartz et al. 1986, Vered et al. 1984]. Perry et al. [1983] reported that false tendons 
were usually accompanied by a VIHM, but their prevalence of 0.8% was very low. 
Lindvall et al. [1982] reported a coincidence of an innocent heart murmur and a false 
tendon in the LV in an adolescent. Others found good correlation between false tendons 
and the VIHM with a prevalence of about 70-90% [Darasz et al. 1987 and 1988, Gardiner 
and Joffe 1991, Harpin and Ostman 1987, Malouf et al. 1986, Taylor and Darasz 1987, 
Wessel et al. 1985]. Szkutnik et al. [1991] mentioned 100% (!) correlation in 110 
children with a VIHM from a study population of 243 children. 
In 1986, a relation was proposed between the VIHM and a small aortic diameter; this was 
confirmed by several other authors [Schwartz et al. 1986, Sholler et al. 1987, Temmer-
man et al. 1991]. However, Gardiner and Joffe [1991] did not find any significanl 
difference in the mean aortic diameter between a group of children with a VIHM and a 
group of matched controls. Temmerman et al. [1991] reported that children with a VIHM 
had a thinner left ventricular wall. 
Sabbah and Stein [1976] emphasized that if vibration of the walls of vessels occur, it is 
caused by turbulent blood flow and that these vibrations do not give rise to the murmurs. 
Very few reports have appeared on systolic vibration of cardiac structures in relation to a 
VIHM. Brenner et al. [1984] gave an indefinite description of vibration of false tendons ir 
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one of their cases. Ryssing et al. [1984] reported fine systolic fluttering of a false tendon 
in the LVOT, which was related to a grade 3-4 harsh murmur and "some degree of 
turbulence in the LVOT". It is reasonable to assume that this murmur was caused by a 
minor subvalvular aortic stenosis. 
Relationship with myocardial function 
Left ventricular performance can be evaluated fairly accurately by measuring the 
shortening fraction of the LV, the isometric contraction time and the systolic time intervals 
of the left-sided valves. The isometric (synonyms are isovolumic and isovolumetric) 
contraction time has been "classically" defined as the time between the closure of the 
mitral valve and the onset of left ventricular ejection; it can be measured conventionally 
from the simultaneous, rapid speed recording of electrocardiogram, phonocardiogram and 
carotid pulse tracings. The echocardiogram is a reliable, sensitive and non-invasive 
method of delineating mitral leaflet coaptation and aortic valve opening. The echo-
cardiographic isometric contraction time can be measured from different cardiac cycles 
with identical R-R intervals [Hirschfeld et al. 1976]. 
Excellent correlation has been observed between the systolic time intervals measured from 
echocardiograms and from carotid pulse tracings. Therefore both methods can be conside­
red to be of equal value [Hirschfeld et al. 1975]. Furthermore the methods can even be 
considered as complementary, so that if one of the landmarks cannot be defined by one 
method, the other can be used as an alternative approach [Boudoulas 1990]. 
Leatham et al. [1963] measured the isometric contraction time in 80 healthy children with 
a physiological systolic ejection murmur (with a low-pitched grunting quality in our 
opinion very similar to a VIHM) and found shorter times than those previously recorded in 
adults. However, no data were available on healthy children without a heart murmur for 
comparison. 
A study in which the carotid pulse tracings from children with a VIHM were compared to 
those from children without a VIHM, revealed that the pre-ejection period and the left 
ventricular ejection time were shorter in the гнм children. The authors suggested that 
this was due to a higher contractility and higher peak velocity in the AAO [De Monchy et 
al. 1973 (A)]. 
No data were available in the literature on the pre-ejection period, the left ventricular 
ejection time or the isometric contraction time in relation to the VIHM based on M-mode 
echocardiography. A shortening fraction of the LV of S50% was reported to be present 
in 21 % of a group of children with a VIHM [Geva et al. 1988]. 
The maximum blood flow velocity and the acceleration of the velocity in the AAO are also 
related to left ventricular performance and/or to the balance between cardiac output and 
the diameter of the AAO. Acceleration of the blood flow velocity can be determined in 
two ways: by calculating the time between the onset of the systolic Doppler velocity on 
the spectrum and the moment that the systolic peak velocity has been reached (accelera­
tion time), or by measuring the angle of the steepest slope on the upstroke of the Doppler 
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velocity spectrum (maximum acceleration). Ohte et al. [1990] introduced the Q-v peak 
time (the period between the onset of the QRS and the moment the peak velocity is 
reached) as a new parameter for left ventricular performance; it can be obtained by 
adding the pre-ejection period and the acceleration time. The correlation of this Q-v peak 
time with left ventricular performance (left ventricular ejection fraction measured by 
biplane contrast ventriculography) was closer than the correlation of the established 
systolic time intervals with left ventricular performance. 
Several authors reported a higher blood flow velocity in the АЛО in children with a VIHM 
than in children without a murmur [Gardiner and Joffe 1991, Schwartz et al. 1986, 
Sholler et al. 1987]. Acceleration time measurements of the blood flow in the AAO on the 
Doppler spectrum in children with a VIHM tended to be slightly higher, but did not differ 
significantly from those in children without a VIHM [Gardiner and Joffe 1991]. No 
difference was found in cardiac output between children with a VIHM and those without a 
murmur [Gardiner and Joffe 1991, Schwartz et al. 1986, Sholler et al. 1987]. However, 
Gardiner and Joffe [1991] measured higher stroke volumes with lower heart rates in 
children with a VIHM compared to their matched controls. An increase in the stroke 
volume, by exercise, high output state or medication will induce or increase an ejection 
murmur. For example, one minute after exercise nine out of ten individuals showed a 
systolic murmur which diminished or disappeared a few minutes later [Freeman and 
Levine 1933]. In 1944, Levine and Likoff reported the development of a small systolic 
murmur with a diamond shape on the phonocardiogram after exercise. In a study which 
compared innocent heart murmurs in childhood to cardiac murmurs in high output states, 
such as arteriovenous fistula, hyperthyroidism and chronic anaemia, it was stated that "the 
common innocent murmurs of childhood are caused by the vibration, at its natural period, 
of some structure in the cardiac wall or great vessels, arising from the ejection of an 
unusual volume of blood from the heart in systole or the greater velocity of ejected blood 
under these circumstances" [Harris et al. 1964]. Inhalation of amyl nitrite also causes a 
greater stroke volume and was used as a test to define the VIHM as an ejection murmur 
[De Monchy 1963 page 82, Paulin and Mannheimer 1957]. In 12 children and adults 
without audible murmurs, a VIHM could be induced during dobutamine infusion with 
increases in the heart rate, peak aortic velocity and cardiac index. The murmur dis­
appeared within 15-20 minutes after discontinuation of the infusion [Klewer et al. 1991]. 
Relationship with turbulent blood flow 
Sabbah and Stein [1976] stated that turbulence or highly disturbed blood flow is the cause 
of both organic and innocent heart murmurs. The width of the Doppler spectrum is an 
excellent parameter for turbulent blood flow. Therefore several authors have used this 
technique in the past decade to evaluate the presence and location of the presumed 
turbulent blood flow in children with a VIHM. 
The first Doppler studies on the VIHM which suggested that insufficient disturbance of the 
flow was present to be visualized by pulsed Doppler were published in 1980 [Kawabori et 
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al.]. Schwartz et al. [1986] found no significant difference in the spectral widths in the 
AAO between children with and without a VIHM. They concluded that the ШМ is related 
to uniform vibrations of cardiac structures or great vessels rather than to blood turbulen­
ce. However, they were unable to detect such structural vibrations. 
In 1986, the presence of stripes inside the pulsed Doppler and colour Doppler flow 
signals were thought to reflect regularly vibrating structures in the presence of musical 
murmurs [Suzuki et al.]. A characteristic Doppler musical signal can be obtained from 
patients with a musical murmur, based on e.g. mitral or aortic valve insufficiency and 
bioprosthesis malfunction [Chambers et al. 1987, Kinney et al. 1986, Pennestri et al. 
1989]. The underlying physics of the Doppler musical signal (rectilinear or curvilinear 
harmonics) was described by Holen et al. [1985]. 
In a recent study, no colour-coded Doppler evidence of turbulent blood flow was found 
around left ventricular false tendons, along the ventricular wall or in the LVOT. However, 
curvilinear harmonic vibrations were seen in systole in the pulsed-Doppler spectrum, 
usually in the opposite direction from the flow direction, in 18 out of 40 children with a 
VIHM. This vibratory phenomenon was also seen in 7 out of the 40 paired controls 
[Gardiner and Joffe 1991]. The spectra described may have been mirror-images due to the 
non-optimal tuning of the receiver. 
Nowicki and Marciniak [1989] reported on cepstrum analysis of frequency modulated 
Doppler signals. Significant quefrene íes (logarithmically transformed frequencies) were 
found at 42 and 60 Hz which corresponded with the vibration frequencies of the aortic 
valve leaflets in two children with a weak VIHM of 21 and 30 Hz, respectively. The 
frequencies of these vibrations of the aortic valve are in accordance with the predictions 
of Nimura et al. [1986]. 
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1.6 Aim of the study 
In this thesis an effort was made to investigate the origin of the шм in order to find 
parameters to define its innocent character more easily and objectively in daily practice. 
Prevalence was determined in school children in co-operation with school medical 
officers, which gave us the opportunity to compare the auscultatory findings of first 
echelon health care workers to those of a third echelon health care worker. 
The fairly new technique of echo-Doppler was used to evaluate the findings and theories 
about the шм published in the literature. 
Several questions were addressed: 
• What is the prevalence of a grade 1, 2 and 3 VIHM in school children? 
• Is there a difference in auscultatory findings between the school medical officer 
and the paediatric cardiologist and, if present, is this difference of importance for 
the daily medical practice? 
• Is there a correlation between the VIHM and blood flow turbulence? 
• Is there a correlation between the VIHM and vibrating structures of the heart and 
great vessels? 
• Is there a correlation between the VIHM and anatomical features of the heart, such 
as false tendons in the Lv, the dimensions of the LV and AAO and the wall 
thickness of the LV? 
• Is there a correlation between the VIHM and left ventricular performance? 
• Is a шм always definitely innocent? 
• What recommendations should be made to health care workers about the approach 
to children with a grade 1, 2 and 3 VIHM and their parents? 
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Chapter 2 
IS A VIBRATORY INNOCENT HEART MURMUR CAUSED BY TURBULENCE? 
based on: 
Van Oort A, Van Dam I, Heringa A, Alsters J, Hopman J, Daniels 0. 
The vibratory innocent heart murmur studied by Echo-Doppler. 
Acta Paediatr. Scand. Suppl. 1986;329:103-107 
2.1 Abstract 
So-called innocent heart murmurs are thought to originate from (possibly physiological) 
narrowing of the left ventricular outflow tract and be accentuated by a higher left 
ventricular performance in some children. The aim of our study was to evaluate this 
theory with pulsed-Doppler echocardiography in order to detect possible local blood­
stream disturbances. In a study on 20 children (10 with and 10 without a vibratory 
innocent heart murmur) no statistical difference was found between the children with 
regard to peak-velocity, the acceleration or width of the Doppler spectra evaluated in an 
objective way using a computer. The hypothetical location of the origin of the vibratory 
innocent heart murmur in the left ventricular outflow tract has not yet been confirmed 
with echo-Doppler. 
2.2 Introduction 
Innocent heart murmurs occur in the absence of either anatomical or physiological 
abnormalities of the heart and great vessels. They constitute the most common murmurs 
encountered by paediatricians and general practitioners, with a prevalence in children of 
about 10% up to more than 60%. The differentiation of an innocent heart murmur from 
an organic murmur for the purpose of therapy, prognosis and further outpatient control, is 
the leading cause of referral to a paediatric cardiologist. Innocent heart murmurs can be 
subdivided into: A) vibratory murmur, B) pulmonary ejection murmur, c) cervical venous 
hum and D) carotid bruit. The vibratory innocent heart murmur ( інм) is the most 
:ommon of the innocent heart murmurs in childhood [De Monchy 1963 page 28 and 42]. 
A viHM is a groaning, musically harmonic, low-frequency systolic murmur, which can be 
heard best and most distinctively between the apex and the left lower sternal border. 
There is hardly any radiation to the aortic region and the loudness of the murmur seldom 
reaches grade 3/6 on the Levine scale [Levine 1933]. Investigations on carotid pulse 
tracings in children with a VIHM by De Monchy [1973 (A)], revealed a shorter pre-
îjection period. It was suggested that a higher left ventricular performance, probably due 
to increased contractility, led to a higher peak-velocity in children with a VIHM than in 
those without. One of the theories is that the VIHM is produced by a regular turbulent 
blood flow in the left ventricular outflow tract (LVOT), which originates from possible 
physiological narrowing of this outflow tract in children with higher contractility of the 
myocardium. The aim of our study was to evaluate this theory with pulsed-Doppler 
echocardiography and to detect any possible local blood stream disturbances. 
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2.3 Patients and methods 
The finding of a diamond-shaped murmur in early-mid systole in the 70 Hz band using 
phonocardiography (Siemens Elema, Maass-Weber filter) confirmed the diagnosis of a 
viHM in ten healthy children, age range 3-9 years. Carotid pulse tracings with minor 
vibrations on the top in 50% of the tracings were normal according to the findings of De 
Monchy [1963]. The ECGs of these VIHM children were always within the normal range 
according to Liebman [1982]. Ten children, age range 2-12 years, without a heart 
murmur and any known heart disease and with a normal ECG, were investigated as a 
control group. Doppler spectra were obtained at two levels in the ascending aorta (AAO): 
just above the aortic valve and halfway between the valve and the right pulmonary artery, 
using a 3.5 MHz suprasternal transducer connected to a Honeywell Ultra Imager. Apical 
Doppler spectral data were obtained from the LVOT just below the aortic valve using a 
standard 3.5 MHz mechanically oscillating transducer. The sample volume (length 2 mm) 
was positioned at the measurement site, guided by the two-dimensional ultrasound image. 
The transducer was manipulated to optimize the sample volume position in the non-
imaged third dimension for an optimal Doppler signal. After this the sample volume site 
was verified on a two-dimensional ultrasound image. As soon an optimal Doppler signal 
was obtained, the Doppler amplitude spectra, as computed by the Honeywell Ultra 
Imager, were read into a micro-computer for 5 sec. which produced a spectrum every 5 
milliseconds. The upper and lower quartiles from each spectrum were computed after 
background subtraction. A median curve and the width of the spectrum, defined as the 
difference between the upper and lower quartiles, were also computed. From these 
spectral data, velocity data were calculated by 
v-JE-
2/
e
cos9 
where fd is the Doppler frequency shift, С is the ultrasound velocity, fe is the emitted 
ultrasound frequency, θ is the angle between the blood flow and the ultrasound beam. 
For each heart beat during the 5 sec. measurement interval, data were obtained for the 
following parameters: the maximum velocity during each systole, the width of the 
velocity peak by averaging the values over 4 points before and 4 points after the maxi­
mum, and the maximum acceleration during systole, defined as the best fit over 8 
consecutive points of the curve with the steepest slope. The median of each parametei 
was used for further analysis and comparison. The essence of the calculations is shown ir 
Figs 2.1 -2.4. 
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FIGURE 2.1: Doppler amplitude spectra from a normal child, measured in the aorta at the level of the righi 
pulmonary artery with the transducer in the suprasternal position. The emission frequency was 3.5 MHz; the 
\ength of the sample volume was 2 mm at a depth of 64 mm and the interrogation angle was 6°. 
The median velocity, computed over the positive velocities, is inscribed in white. 
FIGURE 2.2: Doppler amplitude spectra from a normal child, measured in the aorta at the level of the righ 
pulmonary artery with the transducer in the suprasternal position. The emission frequency was 3.5 MHz; tht 
length of the sample volume was 2 mm at a depth of 64 mm and the interrogation angle was 6". 
The upper and lower quartile velocities, computed over the positive velocities, are inscribed in white. The whiti 
curve at the bottom is the width of the velocity distribution, defined as the difference between the upper am 
lower quartiles. 
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FIGURE 2.3: Doppler amplitude spectra from a child with subvalvular aortic stenosis, measured in the aorta at 
the level of the right pulmonary artery with the transducer in suprasternal position. The emission frequency was 
3.5 MHz: the length of the sample volume was 2 mm at a depth of 56 mm and the interrogation angle was 2°. 
The upper and lower quartile velocities, computed over the positive velocities, are inscribed in white. The white 
curve at the bottom is the width of the velocity distribution, defined as the difference between the upper ana 
lower quartiles. This velocity distribution is clearly wider than it is in figure 2.2. 
.5 1.0 1.5 
Time (s) 
2.0 2.5 
FIGURE 2.4: Median velocity and width from the data in figures 2.1 and 2.2. The data points are shown witf 
dots. The computed maximum velocities and width are given with circles. The computed maximum acceleration! 
are drawn as straight lines. 
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2.4 Results 
No statistical difference was found in the maximum velocity, maximum acceleration or 
width of the Doppler spectrum between the VIHM group and the normal children, 
measured at the AAO or in the LVOT (Table 2.1). It was remarkable that one child with a 
clear VIHM was shown to have mild membraneous subvalvular aortic stenosis, with 
systolic turbulent flow in the LVOT between the membrane and the aortic valve; he had a 
much wider spectrum (101 cm/s) in the AAO. 
Table 2.1 Doppler data in the left ventricular outflow tract and the ascending aorta 
Vmax (cm/s) 
normal 
VIHM 
subvalv AOS 
Amax (cm/s1) 
normal 
VIHM 
subvalv AOS 
Width (cm/s) 
normal 
VIHM 
subvalv AOS 
LVOT 
50-169 
47-130 
135 
579-1758 
(86 ±36) 
(75 ±24) 
(976 ±358) 
510-1892 (1079±440) 
1500 
8-18 
6-20 
40 
(12±3 5) 
(11 ±4 0) 
AAO (valv) 
78-136 (110±18) 
75-137 (113±19) 
133 
1430-3185 (2242±585) 
2017-2613 (2325 ±176) 
1940 
9-28 (15 ±5) 
10-29 (16±6) 
101 
AAO (RPA) 
88-137 (113 ±17) 
80-141 (U3±21) 
71 
1778-3324 (2442 ±478) 
1643-2751 (2219±424) 
1700 
1049 (18 ±10) 
13-27 (18±4) 
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Data are given within the range of the median The mean ± SD of the median are given in parenthesis. 
AAO (valve) ascending aorta, just above the aortic valve 
AAO (RPA) ascending aorta, at the level of the right pulmonary artery 
Amax maximal acceleration in early systole 
AOS aortic stenosis 
LVOT left ventricular outflow tract 
normal children without a heart murmur (n=J0) 
VIHM children with a vibratory innocent heart murmur (n=9) 
Vmax peak systolic velocity 
Width · width of the Doppler spectrum at peak systole 
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2.5 Discussion 
Innocent murmurs are by definition murmurs that are not associated with any anatomical 
or physiological abnormalities. The term innocent murmur was first used by Evans 
[1947]. The most common innocent murmur is the VIHM. The VIHM is probably more 
readily heard in children than in adults because of a child's somewhat thinner chest wall 
and the close proximity of the heart to the anterior chest wall. It is usually presumed that 
the VIHM originates in the LVOT, but recently the right ventricular outflow tract has also 
been mentioned in this connection, based on Doppler findings [Scotto di Quacquardo et 
al. 1980], or only theory without any support from Doppler studies [Kawabori et al. 
1980]. In a review, Rosenthal [1984] concluded that intracardiac phonocardiographic 
recordings show that innocent murmurs originate from the right heart and that more 
recent echo-Doppler studies show that they originate from the left heart, but no references 
were given. Recent intracardiac phonocardiographic studies revealed a LVOT origin [Stein 
and Sabbah 1977] and excluded a right ventricular origin [Wennevold 1967]. 
False tendons in the left ventricle, also mentioned as a cause, appear to occur in 0.8% of 
the paediatric patients and are usually accompanied by a VIHM [Perry et al. 1983]. This 
low incidence of false tendons, however, rules out this phenomenon as a common cause 
for the VIHM. Possible physiological narrowing of the LVOT, resulting in a regular 
turbulent blood flow was put forward as a theory by Bruns [1959] and later by De Mon-
chy [1963 page 9]. This physiological narrowing of the LVOT will be accentuated by 
higher left ventricular performance which can be attributed to greater contractility in 
children. Investigations on carotid pulse waves in children with a VIHM by De Monchy 
[1973 (A)], revealed a shorter pre-ejection period than in normal children. Greater 
contractility was suggested to be the underlying cause which supports the above-men-
tioned theory. A higher peak systolic velocity was also suggested, because the left 
ventricular ejection time tended to be shorter. 
One child in our study with a clear VIHM but only minor vibrations on his carotid pulse 
tracing, which were indistinguishable from those on the tracings in the VIHM children, had 
mild membraneous subvalvular aortic stenosis. This finding supports the theory that 
physiological narrowing of the LVOT is the origin of the VIHM. However, the Doppler 
data were totally different from those obtained in the other VIHM children, because a 
turbulent flow was visible during the whole ejection period, which made differentiation by 
echo-Doppler easy (Table 2.1 and Fig 2.3). 
Information on the haemodynamics of the VIHM might be obtained by the peak systolic 
velocity of the blood flow, the acceleration of the velocity as another parameter of the 
contractility of the myocardium and the width of the spectrum, as an index for turbulence. 
The change of these parameters at a particular site may indicate the localization of the 
origin of the VIHM. Nevertheless, no difference was found in the peak velocity, maximal 
acceleration or the width of the Doppler spectrum between the VIHM group and the 
children without a heart murmur. Our data on the peak systolic velocity in the AAO were 
37 
in the same range as those reported by Wilson et al. [1985] and Grenadier et al. [1984]. 
A higher peak systolic velocity and maximal acceleration in the AAO than in the LVOT is 
in accordance with the narrow LVOT theory, but the same phenomenon was also found in 
normal children without a heart murmur. In children with a VIHM, the width of the 
Doppler spectrum tended to be even smaller in the LVOT, but as the peak systolic velocity 
was also lower, the relative width of the spectrum can be considered to be equal. 
2.6 Conclusion 
The hypothesis that physiological narrowing of the LVOT generates turbulence in the blood 
stream and is an underlying cause of a VIHM could not be confirmed by pulsed-Doppler 
echocardiography. No difference was found in the spectral data obtained from the LVOT 
and the AAO between children with and without a VIHM. Further investigations are 
required to trace the origin of the VIHM. 
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Chapter 3 
THE VIBRATORY INNOCENT HEART MURMUR AND 
MINOR VALVULAR AORTIC STENOSIS. 
A CONTINUITY? 
based on: 
Van Oort A, Van Dam I, Van Keulen Ρ, Hopman J, Daniels О. 
Doppler studies on patients with a vibratory innocent heart murmur or minor 
valvular aortic stenosis. 
Neth. J. Cardiol. 1990;3:101-104 
3.1 Summary 
Doppler spectra of the left ventricular outflow tract, the ascending aorta, the right 
ventricular outflow tract and the main pulmonary artery were recorded in normal children 
with (n=25) and without (n=66) a vibratory innocent heart murmur and in 23 children 
with minor valvular aortic stenosis. From these spectra the maximum velocity, the 
maximum acceleration and the width were calculated. We found that the maximum 
velocity in the ascending aorta was lowest in the normal children, slightly higher in the 
cases with a vibratory innocent heart murmur and the highest of all in the children with 
minor valvular aortic stenosis. The maximum acceleration tended to be higher in the left 
ventricular outflow tract in the children with a vibratory innocent heart murmur. It was 
surprising that a vibratory innocent heart murmur did not lead to any increase in the 
width of the Doppler spectrum, as a parameter of turbulence. Due to data overlap, no 
clear distinction could be made between the three groups of children on the basis of the 
Doppler data obtained. 
3.2 Introduction 
The most common of the innocent heart murmurs in childhood is the vibratory innocent 
heart murmur (VIHM). Differentiating between a VIHM and an organic murmur, for the 
pupose of therapy, prophylaxis, prognosis and further out-patient control, is the most 
frequent cause of referral to a paediatric cardiologist. 
One theory states that the гнм originates from a regular turbulent blood flow in the left 
ventricular outflow tract (LVOT). The turbulence is caused by a physiological funnel-
shaped narrowing of this outflow tract and is accentuated in children with a higher left 
ventricular performance which can be attributed to higher contractility [De Monchy et al. 
1973 (A)]. The turbulent blood flow is expected to result in an increase in the width of 
the Doppler spectrum. The narrowing of the LVOT is expected to cause an increase in the 
maximum velocity of the blood flow in the LVOT and the ascending aorta (AAO), while the 
maximum acceleration of the blood flow is expected to be elevated by the above-men­
tioned increase in contractility. Minor valvular aortic stenosis is thought to be the 
pathological continuation of the "narrow-LVOT theory". 
The aim of our study was to evaluate this theory, using pulsed-Doppler echocardiography, 
in order to detect any local blood flow disturbances and to investigate the feasibility of 
differentiating between a VIHM and pathological minor valvular aortic stenosis with 
Doppler parameters. 
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3.3 Patients and methods 
Three groups of children were examined: 
I. 62 normal children (age range 1-13 years, mean 7.9 years) without a heart 
murmur or any other known heart disease. The electrocardiogram and left 
ventricular M-mode echocardiogram were within normal limits. 
n. 25 children (age range 1-15 years, mean 6.2 years) with a grade 2-3/6 VIHM, 
confirmed by the finding of a diamond-shaped murmur in early-mid systole in the 
70 Hz band of the phonocardiogram with a short period between the first heart 
sound and the onset of the murmur and ending well before the second heart sound 
(Siemens Elema, Maass-Weber filter). For inclusion in the study the carotid pulse 
tracings had to be normal; very minor vibrations at the top were permitted, in 
accordance with the findings of De Monchy [1963 page 42]. The electrocardio­
gram and left ventricular M-mode echocardiogram had to be within normal limits. 
Ш. 22 children (age range 1-15 years, mean 7.9 years) with a grade 2 valvular aortic 
stenosis murmur, confirmed by the finding of a crescent/decrescent low-frequency 
ejection murmur in early mid systole in the 70 Hz band of the phonocardiogram, 
without a silent period between the first heart sound and the onset of the murmur. 
Radiation to the carotid artery occurred and the carotid pulse tracings showed clear 
vibrations in the form of a cock's comb. For inclusion in the study, the electro­
cardiogram and left ventricular м-mode echocardiogram had to be within normal 
limits. 
The echo-Doppler examination was performed using a Honeywell Ultra Imager with a 3.5 
MHz suprasternal transducer. Doppler spectra were obtained from two sites in the А АО: 
just above the aortic valve and at the level of the right pulmonary artery. Spectra were 
also obtained from the LVOT, just below the aortic valve, via an apical view using a 
standard 3.5 MHz transducer. 
As part of a more extensive study on a group of normal children, Doppler measurements 
were performed in the right ventricular outflow tract (RVOT) and the main pulmonary 
artery, about 1 cm above and 1 cm below the pulmonary valve (short axis view) [Van 
Oort et al. 1988]. In sixteen children with a vtHM, these sites were also measured. As no 
abnormalities were expected in the right side of the heart in the group with minor 
valvular aortic stenosis, the latter measurements were omitted in this group. A sample 
volume (length 2 mm) was positioned at the intended site guided by a two-dimensional 
ultrasound image. The apparatus was subsequently switched over to the Doppler mode. 
Raw Doppler amplitude spectra were sampled every five milliseconds by the Honeywell 
Ultra Imager and read into a Wicat microcomputer for five seconds; an electrocardiogram 
was recorded simultaneously. No specific respiration instructions were given. 
An off-line computer programme was used for automatic processing of the Doppler 
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spectra [Heringa et al. 1988, Van Oort et al. 1986]. The median velocity and the 
interquartile range was calculated from each spectrum. 
To characterize the blood flow, were chosen three parameters, extracted from the time 
course of the medians: 
• the maximum of the median velocity curve during systole 
• the maximum of the median acceleration during systole 
• the interquartile range of the velocity distribution around the maximal velocity, as 
an indicator for turbulence. 
In the group with minor valvular aortic stenosis, special attention was paid to the anatomy 
of the aortic valve by means of the short axis view. 
The Kruskal-Wallis test was used for the statistical evaluation of the parameters found in 
the three groups. Significant differences were tested with Student's t test. 
3.4 Results 
All the data are presented as mean values ± 1 standard deviation. 
No difference was found between the normal children and those with a VIHM with regard 
to the Doppler data from the RVOT and main pulmonary artery on the right side of the 
heart. There was no substantial difference in the maximum velocity, maximum acceler­
ation or the width of the spectrum (Fig. 3.1). 
The maximum velocity in the AAO was highest (129 ±36 cm/s) in the cases with minor 
valvular aortic stenosis, and was most pronounced in the AAO at the level of the right 
pulmonary artery. The maximum velocity in the AAO at the level of the right pulmonary 
artery was slightly higher in the children with a VIHM (109±21 cm/s) than in the normal 
children (94±19 cm/s) (Fig. 3.2). There was a significant difference between the three 
mean values of the maximum velocity in the three groups (p<0.01). However, the data 
were scattered and overlap occurred. 
There was a significant difference in the mean values of the width of the Doppler 
spectrum in the AAO at the level of the right pulmonary artery between the children with 
minor valvular aortic stenosis (47±28 cm/s) and both the other groups (p<0.01) (Fig. 
3.3). In the cases with a VIHM, the width of the Doppler spectrum in the LVOT (15±5 
cm/s) or in the AAO (17 ±5 cm/s) was not increased compared to that in the normal 
children 13±6 cm/s and 14±5 cm/s, respectively. 
There was a significant difference in the mean value of the maximum acceleration in the 
LVOT between the group with a VIHM (1258 ±712 cm/s2) and both the other groups (p< 
0.01). Even when the extreme value of 3530 cm/s2 was omitted, the ρ value remained the 
same. There was no difference in the maximum acceleration in the LVOT between the 
group with minor valvular aortic stenosis (787 ±239 cm/s2) and the normal children 
(888±263 cm/s2). In the AAO higher values were measured in the group with a minor 
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valvular aortic stenosis (2501 ±1169 cm/s1), especially at the level of the right pulmonary 
artery, than in the normal children (1809±505 cm/s2) (p<0.01) (Fig. 3.4). 
In three cases in the minor valvular aortic stenosis group (n=22) the aortic valve was 
bicuspid; in fourteen cases the aortic valve showed an obvious asymmetrical closure line. 
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3.5 Discussion 
[n practice, it is sometimes difficult to make an absolute distinction between a гнм and 
the murmur of minor valvular aortic stenosis. Occasionally, a grade 2 or 3 VIHM clearly 
radiates to the carotid arteries, although the punctum maximum of the murmur remains 
between the apex and the left lower sternal border. In our study, we distinguished the two 
murmur groups on the basis of the phonocardiographic character of the murmur, the 
presence or absence of radiation of the murmur to the carotid arteries and the presence or 
absence of a cock's comb on the carotid pulse tracing. Therefore the auscultatory findings 
as obtained daily at the out-patient department played an important role in distinguishing 
between the two groups. In addition to attempting to characterize the VIHM with Doppler 
parameters, we also aimed to investigate whether Doppler examinations could make a 
clearer distinction between the two murmur groups. For this reason, we did not employ 
an increase in the maximum velocity in the AAO as an inclusion or exclusion criterion, but 
used it as a parameter. 
It is thought that the VIHM originates in the LVOT [Stein and Sabbah 1977, Wennevold 
1967]. The "narrow-LVOT theory" was postulated by Bruns [1959] and was supported by 
the results reported by De Monchy et al. [1973 (A)]. According to this theory, a higher 
maximum velocity can be expected in the AAO in the presence of a VIHM or minor 
valvular aortic stenosis. Recently a relationship was reported between the VIHM and 
higher aortic velocities [Schwartz et al. 1986, Sholler et al. 1987]. Our velocity data 
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supported the theory of Bruns and De Monchy, i.e. that the most pronounced narrowing 
can be expected in the LVOT. The highest mean values of maximum velocity were found 
in the minor valvular aortic stenosis group. The velocity data, however, were scattered, 
both in the т м group and the minor valvular aortic stenosis group. In individual cases, 
the maximum velocity in the АЛО did not form a parameter for distinguishing between 
normals, children with a viHM and those with a a valvular aortic stenosis murmur. 
Contrary to expectations, the cases with a тнм did not display a greater degree of 
dispersion of the Doppler spectrum in the LVOT, or in the AAO. Grade 2-3 viHMs did not 
cause any turbulence in the blood flow and were therefore undetectable using the width of 
the Doppler spectrum. Minor valvular aortic stenosis, however, caused a clear increase in 
the width of the Doppler spectrum of the blood flow in the AAO, but no absolute 
distinction could be made between the normals and the children with a шм. 
The acceleration time (the time taken to reach peak velocity) and the maximum acceler­
ation, are thought to be parameters for contractility of the myocardium [Sabbah et al. 
1987]. Greater contractility of the myocardium will accentuate any physiological narrow­
ing of the LVOT and subsequently enhance the presence of a шм. Our findings of a 
higher mean maximum acceleration rate in the LVOT in the VIHM cases support this 
theory. We have no explanation for the low, normal mean values of maximum acceler­
ation in the LVOT in the minor valvular aortic stenosis group. 
The RVOT has been mentioned as another possible localization of the origin of the ШМ. 
In the literature, this assumption was based on Doppler findings [Scotto di Quacquardo et 
al. 1980], on theory unsupported by Doppler studies [Kawabori et al. 1980] and on data 
published on intracardiac phonocardiography without any literature references [Rosenthal 
1984]. In our study, the Doppler values of the parameters used did not show any 
indication that a VIHM originates in the RVOT. 
In some respects the results of our study support the "narrow-LVOT theory" as the main 
cause of a VIHM, and certainly do not contradict it. The expected broadening of the spec­
tral width in the LVOT, based on presumed blood stream turbulence, could not be 
demonstrated. 
3.6 Conclusion 
On the basis of individual cases it was not possible to distinguish between normals, 
children with a VIHM and those with minor valvular aortic stenosis using single gate 
pulsed Doppler parameters. These parameters were obtained from the blood flow in the 
middle of the LVOT and AAO. Another possible cause of the VIHM is vibration of the wall 
of the LVOT, or the AAO. 
To detect this phenomenon using Doppler parameters, special analyses of these low 
frequency Doppler spectra are necessary. 
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Chapter 4 
AORTIC VALVE VIBRATIONS IN PAEDIATRIC CARDIOLOGY 
4.1 Introduction 
The vibratory innocent heart murmur (VIHM) is the most common innocent heart murmur 
in childhood. It is presumed to originate in the left ventricular outflow tract (LVOT) or the 
ascending aorta (AAO) [De Monchy et al. 1973 (A)]. In cases with a гнм the width of 
the Doppler spectrum obtained from the LVOT and the AAO not increased, which seems to 
indicate that turbulence of the blood flow is not the initiator of the VIHM [Schwartz et al. 
1986, Van Oort et al. 1986]. 
Alternatively, the VIHM may originate from vibration of the surrounding (aortic) wall 
and/or valve structures of the LVOT and AAO. The rapid and strong vibrations of the 
aortic valve occasionally seen in children with a grade 3 VIHM, support the hypothesis that 
vibration of the aortic valve or the surrounding vessel/wall structures give rise to the 
VIHM. Although Brenner et al. [1984] and Ryssing et al. [1984] reported a direct 
relationship between the VIHM and vibrations on the aortic valve or structures in the left 
ventricle, their descriptions were somewhat vague. 
A prospective study was performed to make an inventory of the vibrations of the aortic 
valve associated with various cardiac abnormalities and with the VIHM. Routine M-mode 
echocardiograms of the aortic valve were recorded in each consecutive patient who 
underwent an echocardiogram at our department of paediatric cardiology. 
4.2 Patients and methods 
Slides were made of routinely performed M-mode echocardiograms of the aortic valve in 
all the infants and children who underwent echocardiography at our department of 
paediatric cardiology during a three month period. The M-mode tracings were recorded at 
a speed of 100 mm/s in the standard parasternal position, guided by two-dimensional 
ultrasound imaging, by 5 different experienced members of staff using a Toshiba SSH 65 
echocardiograph. The slides were projected on a full-size screen and reviewed by one 
investigator (AVO). If vibrations were present on the aortic valve the frequency and 
amplitude were measured in relation to the time and distance marks. The vibrations on 
the aortic valve were subdivided into four types, defined on the basis of frequency and 
amplitude, as shown in Fig. 4.1. The cardiological diagnosis of all the infants and 
children was known. For purpose of the study, recordings were also obtained from 24 
children with a VIHM, who in normal circumstances at our department would not have 
undergone echocardiography. 
4.3 Results 
A total of 207 slides of M-mode echocardiograms were available for review. In 9.6% of 
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them it was not possible to make any valid judgement about vibration of the aortic valve 
on the M-mode tracing because of poor quality. In 50.7% no vibrations were seen on the 
aortic valve. 
Type 1 vibrations were seen in 12.5%, type 2 vibrations in 14.5%, type 4 vibrations in 
6.8% and rapid type 3 vibrations with large amplitude in 5.8%. Type 3 vibrations were 
seen in 50% of the children with a VIHM, whereas this type of vibration was only seen 
twice (1%) in the infants and children with heart disease. 
In 15 children valvular aortic stenosis was diagnosed. No vibrations were seen on the 
aortic valve in 12 of them; in two cases it was not possible to make any appropriate 
evaluation of the м-mode tracing due to poor quality; and in one child with mild bicuspid 
aortic valve stenosis a type 2 vibration was detected. Two children with mild subvalvular 
aortic stenosis had a type 1 vibration of the aortic valve. 
FIGURE 4.1: M-mode registrations of the aortic valve with 4 types of systolic vibration 
Type 1. F<100 Hz and A>1.0 mm ; Type 3. F> 100 Hz and A> 1.0 mm ; 
Type 2. F<100 Hz and A<1.0 mm ; Type 4. F>100 Hz andA<l.0mm . 
Paper speed 100 mm/s; time between 2 horizontal marks 500 msec; distance between 2 vertical marks 10 mm 
F=frequency ; A = amplitude 
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Nine infants and children had a ventricular septum defect. In three of them no vibration 
was present and in 3 others evaluation was impossible due to poor quality of the M-mode 
tracings. The remaining 3 patients had vibration type 1, 2 and 4, respectively. Eleven 
:ases had patent ductus arteriosus. No vibrations on the aortic valve were seen in five of 
them. Evaluation was not possible in three cases due to poor registration. One of the 
children with patent ductus arteriosus also had a шм and showed a type 3 vibration on 
the aortic valve. A type 1 vibration was present in two of the children with a patent 
ductus arteriosus (Table 4.1). 
Table 4.1 Vibrations on the aortic valve in various subgroups of substantial size 
Inadequate registrations 
No vibrations 
Type 1 vibration 
Type 2 vibration 
Type 3 vibration 
Type 4 vibranon 
total 
Total group 
20 
105 
26 
30 
14 
12 
207 
VIHM 
1 
4 
0 
4 
12 
3 
24 
VSD 
3 
3 
1 
1 
0 
1 
9 
PDA 
3 
5 
2 
0 
l* 
0 
11 
AOS 
2 
12 
1 
0 
0 
0 
15 
other 
11 
81 
22 
25 
2 
8 
149 
Types of the vibration as given m Fig 4 I 
• combination of a VIHM and a PDA 
40S valvular aortic stenosis 
PDA patent ductus arteriosus 
VIHM vibratory innocent heart murmur 
VSD ventricular septal defect 
4.4 Discussion 
The VIHM is presumed to originate from funnel-shaped physiological narrowing of the 
LVOT. Such narrowing is possibly accentuated by an increased left ventricular per­
formance, which can be attributed to higher contractility of the myocardium in children 
[De Monchy et al. 1973 (A)]. Smaller aortic diameter and higher aortic blood velocity 
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have also been mentioned in connection with the VIHM [Schwartz et al 1986, Sholler et al. 
1987]. In both circumstances it can be expected that part of the kinetic energy will be 
transmitted in the form of vortices which shed to the surrounding structures, such as the 
thin aortic valve, and cause them to vibrate, thereby generating a heart murmur [Bruns 
1959]. A similar effect can be obtained by blowing along a thin blade of grass which will 
produce a loud noise, despite the fact that the blade itself contains almost no mass. The 
presence of type 3 vibrations on the aortic valve in 50% of the cases with a VIHM shows 
fairly high specificity but low sensitivity. The difference in the prevalence of type 3 
vibrations between the шм group and the remaining group of patients, 50% versus 1%, 
was striking. There were two cases with a type 3 vibration in the group with cardiac 
abnormalities: an infant with a bicuspid aortic valve, resected coarctation and an ejection 
murmur; and an oncological patient in whom a routine echocardiogram was taken to 
monitor cytostatic treatment. Two months later, auscultation revealed that the latter child 
did not have a heart murmur. 
In this study, nearly 10% of the M-mode recordings of the aortic valve obtained during 
routine echocardiography were inadequate despite the fact that the examinations were 
performed by 5 different experienced members of staff. The indication for echocardio­
graphy was responsible for a considerable proportion of the missing values. In some 
cases, the M-mode registration of the aorta only aimed to determine the left atrium:aorta 
ratio, so these registrations were not focused on the aortic valve. Even when all the 
patients with inadequate registrations were excluded, the difference in the prevalence of 
type 3 vibrations between the two study groups still remained clear. 
In the cardiac abnormality group with various different diagnoses there were several 
subgroups of substantial size which made it possible to examine the presence of vibrations 
on the aortic valve in relation to a specific cardiac abnormality. In the case of valvular 
aortic stenosis, no vibrations were seen on the aortic valve, as was to be expected because 
of the thickened valve leaflets. In two cases of subvalvular aortic stenosis, a slow and 
strong type 1 vibration was seen. The distribution of possible vibrations on the aortic 
valve in the patients with a ventricular septal defect or patent ductus arteriosus was no 
different from that in the total group (Table 4.1). 
Our findings support the notion that the aortic valve or the immediate surrounding area is 
the site of origin of the тнм. The vibration of the aortic valve itself could be the origin 
of the murmur or it might transmit the result of a different process in the immediate 
surrounding area, which has not yet been elucidated. 
Further investigation may be able to ascertain whether or not it is possible to achieve an 
increase in the sensitivity of the type 3 vibration in relation to the VIHM. It would also be 
worthwhile to find out whether vibrations of the aortic valve are also present in children 
without a heart murmur. This may help to clarify the origin and localization of the, still 
puzzling, VIHM. 
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Chapter 5 
THE VIBRATORY INNOCENT HEART MURMUR IN SCHOOL CHILDREN 
a case-control echo-Doppler study 
based on: 
Van Oort A, Hopman J, De Boo T, Van der Werf Τ, Rohmer J, Daniels O. 
The vibratory innocent heart murmur in school children; 
a case-control echo-Doppler study. 
Ped. Cardiol. 1993; in press 
(Figures 5.1 and 5.2 have been added) 
5.1 Summary 
In 810 school children (aged 5-14 yrs) the prevalence of a grade 1-3/6 vibratory innocent 
heart murmur (VIHM) was 41%. Restricted to a grade 2 or 3 VIHM the prevalence was 
14%, decreasing from 21% in the age class 5-6 yrs to 8% in children of 13-14 yrs of 
age. The prevalence of a grade 3 VIHM was 1%. A group of 84 children with a grade 2 
or 3 VIHM and a matched control group underwent further cardiological examination, 
including electrocardiography, phonocardiography and echo-Doppler. 
A positive correlation was found between the presence of a VIHM and: 
• higher left ventricular voltages on the ECG, but they were within the normal range; 
• lower heart rate; 
• smaller diameter of the ascending aorta (AAO); 
• higher blood flow velocity and higher maximum acceleration of the velocity in the 
LvoT and the AAO. 
In 40% of the children with a VIHM, systolic aortic valve vibration was seen with a 
frequency of > 100 Hz and an amplitude of > 1 mm, whereas this type of vibration was 
absent in all but one of the controls. No'significant difference was found concerning the 
prevalence of false tendons in the left ventricle (LV), systolic and diastolic diameters of 
the LV, systolic time intervals and shortening fraction of the LV. The VIHM was strongly 
associated with a smaller diameter of the AAO, higher velocity and acceleration of the 
blood flow in the LVOT and AAO, and a vibratory phenomenon of the aortic valve, which 
indicates the LVOT-aortic valve region as the site of origin of the VIHM. 
5.2 Introduction 
The vibratory innocent heart murmur (VIHM) is the most common innocent heart murmur 
in childhood. Carotid pulse tracings, echocardiography and intracardiac phonocardiograp­
hy indicate that this murmur originates in the left heart [Danford and McNamara 1990, 
page 1923]. A turbulent blood flow in the left ventricle (LV) or the ascending aorta (AAO) 
should result in an increase in the width of the Doppler spectrum. The width of the 
Doppler spectrum is an indicator of the degree of turbulence. In a group of 25 children 
with a grade 2 or 3 VIHM, however, the width of the Doppler spectrum of the blood flow 
in the left ventricular outflow tract (LVOT) and the AAO was not found to be increased 
[Van Oort et al. 1986]. 
Alternatively, the VIHM may have its origin in vibrations of the surrounding (aortic) wall 
and/or valve structures of the LVOT and the AAO. A smaller diameter of the AAO, a higher 
velocity of the blood flow in the AAO and the presence of false tendons in the LV are 
supposed to be related to the VIHM [Gardiner and Joffe 1991, Geva et al. 1988, Kiewer et 
al. 1991, Schwartz et al. 1986, Sholler et al. 1987]. 
For further investigation of the localization and origin of the шм, new coherent echo-
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Doppler data on the left heart are needed. 
In co-operation with school medical officers (SMOs), 810 children underwent heart 
auscultation. On the basis of the findings it was possible to estimate the prevalence of the 
viHM in school children and to design a case-control study on children with a VIHM and 
children without a heart murmur. The study was approved by the local committee on 
human experimental research. 
5.3 Materials and methods 
cenerai study population 
Within two weeks after a routine physical examination at school conducted by several 
SMOs, 810 children (5-14 yrs of age) underwent heart auscultation in the supine and 
upright positions by one paediatric cardiologist (AVO). The loudness of the heart murmur 
was defined subjectively as grade 1 for a hardly audible murmur, which sometimes 
disappeared during inspiration; as grade 2 murmur if the murmur was clearly audible foi 
experienced persons; and' as grade 3 if the murmur was even audible for unexperienced 
auscultato». A VIHM was defined as an early-mid systolic, low-pitched groaning murmur, 
heard best and most distinctly between the apex and the left lower sternal border, often 
with some radiation to the right upper sternal border and the carotid artery. On the 
phonocardiogram, a diamond-shaped murmur had to be present in the 70 Hz band with a 
short period between the first heart sound and the onset of the murmur, but ending well 
before the second heart sound. 
The maximum loudness in the supine or upright position was evaluated to grade the 
loudness of the VIHM in each child. 
If a grade 2 or 3 VIHM was found in a Caucasian child by the paediatric cardiologist (PC), 
the child, accompanied by the parents, was invited to the outpatient department for further 
cardiological examination. Each child with a grade 2 or 3 VIHM was matched with a child 
without a heart murmur for height, body weight and gender. This child was also invited 
to undergo the same cardiological examination. 
The formation of the study population was based on the auscultatory findings of the PC. 
Data about the difference between the auscultatory findings of the PC and the SMOs are 
described in Chapter 6. 
measurements in the case-control study population 
An electrocardiogram, a phonocardiogram (Siemens Elema) from the left lower paraster-
nal border with carotid artery pulse tracing and an echo-Doppler (Toshiba SSH 65) were 
performed. 
The left ventricular ejection time (LVET) and pre-ejection period (PEP) were measured 
from the carotid pulse tracings. The LVET was defined as the period between the 
beginning of the carotid upstroke and the incisura. The PEP was obtained by subtracting 
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the LVET from the total electromechanical systole, which was the time from the onset of 
the QRS complex to the first vibrations of the aortic component of the second heart sound 
The echo-DoppIer examination was earned out m the supine or left recumbent position 
The systolic and diastolic diameters, diastolic wall thickness and shortening fraction of the 
LV, the diastolic diameter of the LVOT and AAO were measured from the long-axis view 
False tendons in the LV were defined as structures running from the upper two thirds of 
the ventricular septum towards the left ventricular free wall, judged on the long-axis 
and/or the apical view The number of aortic valve leaflets was studied on the short-axis 
view Systolic time intervals were measured on the long-axis view The left ventricular 
pre-ejection period (PEP) was defined as the time from the onset of the QRS complex to 
the beginning of the separation of the aortic valve leaflets, the left ventricular ejection 
time (LVET) was defined as the time between the opening and closing of the aortic valve 
The isovolumic contraction time (ICT) of the LV was defined as the time between the 
closing of the mitral valve and the opening of the aortic valve, measured in two different 
still frames with very similar RR intervals (Q AO Q Mitrtl) [Hirschfeld et al 1975] 
Pulsed-Doppler recordings of the blood flow in the LVOT and the AAO were obtained in 
the apical and suprasternal position, respectively All the data (obtained in triplicate) were 
stored on videotape Maximum velocity was determined as the outline of the Doppler 
spectrum envelope, maximum acceleration was measured by determining the maximum 
slope of the Doppler spectrum envelope in early systole 
A slide was made of an м-mode recording of the aortic valve at a paper speed of 100 
mm/s After the slide had been projected on a full-size screen, the frequency and 
amplitude of the systolic vibrations on the aortic valve, if present, were measured and 
calibrated using the horizontal time marks and the vertical distance marks 
statistical analysis 
Apart from descriptive statistics, Wilcoxon's signed rank test was used to study differen­
ces between the cases and their corresponding controls regarding the continuous variables 
Fisher's exact test was used to analyse the difference in the prevalence of a VIHM between 
the sexes Results were considered to be significant at ρ values of < 0 05 
5.4 Results 
Table 5 1 lists the prevalence of a VIHM m 810 schoolchildren (aged 5-14 yrs) subdivided 
into age classes There was no statistically significant difference related to gender The 
loudness of the VIHM increased from grade 1 to 2 in only one child after changing frorr 
the supine to the upright position 
Of the 112 children with a grade 2 or 3 VIHM, 28 had to be excluded from the case 
control study because of non-caucasian race, refusal to enter the study, lack of a matched 
control or disagreement between the auscultatory findings and the phonocardiogram 
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Table 5.1 Prevalence of the vibratory innocent heart murmur observed by the 
paediatric cardiologist in 810 school children 
age (yrs) 
grade 1 VIHM 
grade 2 VIHM 
grade 3 VIHM 
noHM 
other HM only 
total 
5-6 
58 (26) 
45 (21) 
1(0) 
91 (42) 
24 (11) 
219 (100) 
7-8 1 
43 (30) 
17 (12) 
4(3) 
63 (43) 
18 (12) 
145 (100) 
9-10 
49 (33) 
12(8) 
KD 
64(44) 
21 (14) 
147 (100) 
11-12 
49 (23) 
25 (12) 
0(0) 
108 (51) 
29 (14) 
211 (100) 
13-14 
19 (22) 
5(6) 
2(2) 
48 (55) 
14 (16) 
88 (100) 
5-14 
218 (27) 
104 (13) 
8(1) 
374 (46) 
106 (13) 
810 (100) 
Loudness of the VIHM was the maximum score in the supine or upright position 
Column percentages are given m brackets 
HM heart murmur 
VIHM vibratory innocent heart murmur 
Table 5.2 Composition of the case-control study population 
Non-caucasian race 
Refusal further examination 
No matched control available 
No murmur on the phonocardiogram 
No VIHM on the phonocardiogram 
Control with VIHM on the phonocardiogram 
Final number of pairs included in the case-control study 
Children with a grade 2 or 3 VIHM 
8 
7 
3 
4 
3 
3 
84 
112 
Loudness of the VIHM was the maximum score of the supine or upright position 
VIHM vibratory innocent heart murmur 
57 
Despite the fact that the PC had heard a grade 2 інм in 4 children, no murmur could be 
registered on the phonocardiogram. In another 3 children, the murmur did not have the 
typical diamond shape and lacked the typical short space between the first heart sound and 
the beginning of the murmur. In 3 children who did not have a heart murmur, as 
observed by the PC at school a diamond-shaped systolic murmur was seen in the 70 Hz 
band on the phonocardiogram. So ultimately the case-control study population consisted of 
84 pairs. The excluded children are listed in Table 5.2. 
The carotid artery pulse tracings did not show any systolic vibrations in either of the 
groups. 
Left ventricular voltages on the ECG (S
vl+Rvj) were normal in all the children studied. 
The children with a ШМ, however, had significantly higher voltages than their matched 
controls: 3.5±0.9 mV versus 3.2±0.9 mV (p<0.01). There was no significant dif­
ference in the ECG axis between the groups (Table 5.3). 
A bicuspid aortic valve was seen in 1 child without a heart murmur. The prevalence of 
false tendons in the LV was very similar in the two groups: 44% (VIHM) and 41% 
(controls). The false tendons and the chorda apparatus of the mitral valve did not show 
any systolic vibrations on M-mode echocardiography. 
One child with a grade 3 VIHM had a turbulent blood flow (both pulsed-Doppler and 
colour-coded Doppler) at the site of slight fibrous subvalvular aortic stenosis and a normal 
blood flow velocity without turbulence in the AAO. The maximum intensity of the low-
pitched diamond-shaped systolic murmur in this child was not in the 70 Hz band but in the 
120 Hz band on the phonocardiogram (Figs 5.1, 5.2). 
The diameter of the AAO was significantly smaller in the children with a VIHM than in the 
matched controls. The diameter of the LVOT and the systolic and diastolic dimensions of 
the LV tended to be smaller in the VIHM cases, but the differences were not significant 
(Table 5.4). The thickness of the left ventricular posterior wall and the ventricular septum 
were very similar in the two groups. 
Heart rate was significantly lower in the children with a VIHM. Systolic time intervals of 
the LV (PEP, LVET, PEP/LVET, ICT) measured from the carotid pulse tracings and the M-
mode echocardiogram, were not significantly different between the cases and controls. 
There was a poor correlation between the systolic time intervals (PEP, LVET. PEP/LVET) 
measured from the carotid pulse tracings and those determined from the M-mode 
echocardiogram. Pearson's correlation coefficient were r=0.46, r=0.79 and r=0.31, 
respectively (Table 5.3) (Figs 5.3, 5.4). 
Maximum velocity and maximum acceleration of the blood flow in the LVOT and AAO 
were significantly higher in the children with a VIHM (Table 5.5). 
The prevalence of vibrations on the aortic valve leaflets was higher in the children with a 
VIHM. If vibrations were present, the frequency and amplitude were significantly higher in 
the шм group. Vibrations with an amplitude of > 1 mm and a frequency of ¿ 100 Hz 
were found to be present in 40% of the children with a VIHM and in only one of the 
controls (Table 5.6) (Figs 5.5, 5.6). 
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Table 5.3 Functional features of the left ventricle 
heart rate 
LV voltages on ECG (R^+S„) 
shortening fraction LV 
PEP (M-mode) 
LVET (M-mode) 
PEP/LVET (M-mode) 
ICT (M-mode) 
PEP (carotid tracing) 
LVET (carotid tracing) 
PEP/LVET (carotid tracing) 
VIHM children 
81 ± 11 bpm 
3.5 ± 0.9 mV 
34 ± 5 % 
80 ± 10 msec 
279 ± 16 msec 
0.29 ± 0.03 
38 ± 14 msec 
82 ± 12 msec 
271 ± 17 msec 
0.30 ± 0.04 
controls 
84 ± 12 bpm 
3.2 ± 0.9 mV 
33 ± 4 % 
83 ± 11 msec 
278 ± 18 msec 
0.29 ± 0.04 
36 ± 12 msec 
81 ± 12 msec 
270 ± 15 msec 
0.30 ± 0.04 
ρ value 
ρ < 0.05 
p<0.01 
p>0.10 
p>0.10 
p>0.10 
p>0.10 
p>0.10 
p>0.10 
p>0.10 
p>0.10 
data given as mean ± S.D.; ρ values from the case-control study 
ECG: electrocardiogram LVET: left ventricular ejection time 
ICT: isovolumic contraction time PEP: pre-ejection time 
LV: left ventricle VIHM: vibratory innocent heart murmur 
Table 5.4 Anatomical features of the left ventricle and ascending aorta 
false tendons 
diameter AAO 
diameter LVOT 
diastolic dimension LV 
systolic dimension LV 
VIHM children 
44% 
18.8 ± 2.3 mm 
15.5 ± 1.8 mm 
40.6 ± 3.7 mm 
26.8 ± 2.9 mm 
controls 
41% 
19.6 ± 2.4 mm 
15.9 ± 1.9 mm 
41.1 ± 4.0 mm 
27.5 ± 2.9 mm 
ρ value 
p>0.10 
p<0.01 
p=0.10 
p>0.10 
ρ =0.06 
data given as mean ± S.D. where applicable; ρ values from the case-control study 
AAO: ascending aorta LVOT: left ventricular outflow tract 
LV: left ventricle VIHM: vibratory innocent heart murmur 
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Table 5 5 Doppler features of the left ventricle and ascending aorta 
Maximum velocity in LVOT 
Maximum acceleration in LVOT 
Maximum velocity in AAO 
Maximum acceleration in AAO 
VIHM children 
73 ± Ucm/s 
11 ± 2 m/s1 
127 ± 16 cm/s 
39 ± 7 m/s' 
controls 
67 ± 8 cm/s 
10 ± 2 m/s2 
109 ± 15 cm/s 
27 ± 4 m/s2 
ρ value 
p<001 
p<001 
p<0 01 
p<0 01 
data given as mean ± S D , ρ values from the case-control study 
AAO ascending aorta 
LVOT left ventricular outflow tract 
VIHM vibratory innocent heart murmur 
Table 5 6 Vibrations on the aortic valve 
No vibration 
Frequency of vibration 
Amplitude of vibration 
Vibration with F £100 Hz 
Vibration with A à 1 0 mm 
Vibration with F> 100 Hz and AS 1 0 mm 
VIHM children 
11(13%) 
87 ± 3 8 Hz 
1 1 ± 0 5 mm 
58 (69%) 
43 (50%) 
34 (40%) 
controls 
30 (36%) 
48 ± 39 Hz 
0 7 ± 0 6 mm 
28 (33%) 
4(5%) 
1(1%) 
ρ value 
p<0 01 
p<0 01 
p<0 01 
p<001 
p<0 01 
p<0 01 
data given as mean ± S D where applicable, ρ values from the case-control study 
Percentages of the 2 groups (л=54) are given m brackets 
A amplitude 
F frequency 
VIHM vibratory innocent heart murmur 
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FIGURE 5.1: Phonocardiogram of a child with a clear ПШ. Top to bottom: ECG lead II, 3 bands of 35 Hz. 
70 Hz. 120 Hz and the carotid artery tracing. The presence of the diamond-shaped VIHM was limited almost 
entirely to the 70 Hz band. Paper speed 100 mmls. 
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FIGURE 5 2 Phonocardiogram of the child with slight fibrous subvalvular aortic stenosis Top to bottom ECG 
lead II, 3 bands of 35 Hz. 70 Hz. 120 Hz and the carotid artery tracing The presence of the diamond-shaped 
murmur was limited almost entirety to the 120 Hz band The carotid artery tracing showed no vibrations There 
was a change m paper speed from 50 mmls to 100 mmls between the first and the second heart cycles 
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Left ventricular pre-ejection period 
Measured with two different methods 
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FIGURE 5 3 The left ventricular pre-ejection period measured from both the carotid artery tracing and the M-
mode echocardiogram of the aortic valve 
Data given as the average of 3 measurements (n = l68) 
Pearson's correlation coefficient r=0 46 
PEP pre-ejection period from M-mode echocardiogram m msec 
PEPC pre-ejection period from carotid artery tracing m msec 
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Lefl ventricular ejection time 
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FIGURE 5 4 The left ventricular ejection time measured from both the carotid artery tracings and the M-mode 
echocardiogram of the aortic valve 
Data given as the average of 3 measurements (n=168) 
Pearson's correlation coefficient r=0 79 
LVET left ventricular ejection time from M-mode echocardiogram m msec 
LVETC left ventricular ejection time from carotid artery tracing in msec 
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FIGURE 5.5. Plot of the frequency and amplitude of the aortic valve vibrations calculated from the M-mode 
echocardiogram. 
Data given as the average of 3 measurements (n=168) 
empty rectangles: cases asterisks, controls filled rectangles- a case and a control 
5.5 Discussion 
In the literature, the prevalence of innocent heart murmurs varies from 6% to more than 
90%. The viHM comprises 62-95% of the innocent heart murmurs in childhood [Barlow 
and Pocock 1962, De Monchy 1963 page 42, Fogel 1960, McLaren et al. 1980]. In the 
present study, a prevalence of 41% was found for grades 1, 2 and 3 шм. Two thirds of 
these murmurs had a negligible grade 1 loudness. The prevalence of 14% for a grade 2 or 
3 viHM is of importance in daily practice, because the SMO, general practitioner or 
paediatrician are likely to cause anxiety in parents when they are told that their child has 
a clearly audible murmur and he/she cannot guarantee the innocence of the murmur. The 
prevalence of a grade 2, 3 viHM decreased with age, but was still 8% at the age of 13-14 
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Aortic valve vibrations 
10 mm 500 msec 
FIGURE 5.6: Examples of M-mode echocardiograms of the aortic valve vibrations corresponding with the 4 
quadrants shown in Fig. 5.5. A: amplitude F : frequency Paper speed 100 mm/s 
I: F <100 HzandA >1.0 mm III: F > 100 Hz and A > 1.0 mm 
II: F <100 Hz and A <1.0 mm IV: A >100 Hz and A <1.0 mm 
years. The 1% prevalence of grade 3 VIHM was somewhat lower than the percentage 
reported in the literature [McLaren et al. 1980]. Several authors observed that the VIHM 
was seldom heard in adulthood [De Monchy et al. 1973(B), Marienfeld et al. 1962], while 
others reported a prevalence of 16 to 100% of innocent heart murmurs in adults [Cotter el 
al. 1980, Thayer 1925, Weaver and Walker 1964]; in adults the pulmonary ejection 
murmur is the most common innocent murmur [Weaver and Walker 1964]. 
The prevalence of a bicuspid aortic valve was found to be 0.5%. This was somewhat 
lower than the percentage reported in the literature [Geva et al. 1988]. 
Fibrous subvalvular aortic stenosis was found in one child with a grade 3 VIHM. In a piloi 
study on 10 children with a grade 2 or 3 VIHM we also found one child with such 
subvalvular aortic stenosis [Van Oort et al. 1986, Chapter 2]. The maximum intensity of 
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this murmur (diamond-shaped) was located in the 120 Hz. band on the phonocardiogram, 
whereas all the VIHMS were clearly seen in the 70 Hz band. At auscultation the murmur 
did not differ from the other viHMs. Therefore if a grade 3 viHM is suspected on the basis 
of auscultation echo-Doppler is necessary to exclude subvalvular aortic stenosis, because 
it cannot be distinguished with auscultation only. 
Although the children with a тнм had higher left ventricular voltages on the ECG, this 
difference was too small to distinguish individual cases. Nevertheless, an ECG will help to 
determine whether a VIHM is really innocent. The ECG is abnormal in 90% of cases with 
hypertrophic obstructive cardiomyopathy, which can produce a murmur similar to a VIHM 
and therefore has to be considered in the differential diagnosis [Danford and McNamara 
1990 page 1923]. 
Several authors have suggested that the VIHM originates in the LV [De Monchy et al. 
1973(A), Schwartz et al. 1986, Stein and Sabbah 1977]. A smaller aortic diameter and 
higher aortic blood flow velocity have also been mentioned in connection with the VIHM 
[Schwartz et al. 1986, Sholler et al. 1987]. Gardiner and Joffe [1991] found no significant 
differences in the mean aortic diameter between cases and controls. In our population we 
found a smaller diameter of the AAO, and a tendency towards a smaller LVOT and smaller 
systolic and diastolic dimensions of the LV in the children with a VIHM. 
De Monchy et al. [ 1 9 7 3 ( A ) ] reported a shorter PEP in children with a VIHM, based on 
carotid artery tracings. There was no significant difference in the LVET between these 
children and the control children. In a follow-up study, no difference was found in the 
LVET and PEP between the groups of children in whom the VIHM had disappeared and 
their matched controls. The children in whom a grade 2 VIHM persisted at follow-up, 
however, still had shorter PEP than their matched controls without a murmur [De Monchy 
et al. 1 9 7 3 ( B ) ] . We found no difference in the systolic time intervals (PEP. LVET and ICT) 
between children with and without a VIHM, based on both carotid artery tracings and M-
mode echocardiography. Both methods of measuring the systolic time intervals were 
considered to be equally accurate, when measured simultaneously [Hirschfeld et al. 
1975]. Boudoulas [1990] reported that both methods were complementary, so that if the 
temporal landmarks were not definable by one method, the other could be used as an 
alternative approach. In our data, a poor correlation was found between the two methods, 
but they were not measured simultaneously; there was a delay of about 30 minutes. 
Therefore caution is required when interpreting systolic time interval data. Systolic time 
intervals as well as the maximum acceleration and the shortening fraction are believed to 
be parameters of left ventricular performance. We found that the systolic time intervals 
and the shortening fraction in children with a шм did not differ from those of the 
controls, which was in contrast with the clearly higher maximum acceleration of the blood 
flow in the LVOT and the AAO in the children with a шм. This finding indicates that the 
smaller size of the AAO and the tendency towards a smaller left heart, although not 
obstructive, causes the higher blood flow velocity and higher maximum acceleration in 
the LVOT and AAO, thereby probably inducing the VIHM. 
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Pathological heart murmurs are caused by anatomical abnormalities which give rise to a 
:learly turbulent blood flow and produce a harsh murmur. This turbulence can easily be 
demonstrated with pulsed and colour-coded Doppler flow mapping. With pulsed-Doppler, 
no turbulent blood flow was detected in the LVOT or in the AAO in the children with a 
VIHM. This finding is in line with the theory of Bruns [1959], who stated that vortices and 
fluctuating wakes which develop at somewhat narrowed orifices will shed laterally to 
strike against the wall causing vibrations and musical tones. Based on this theory about 
the development of sounds generated by fluctuating wakes in fluids passing an obstruct­
ion, one can hypothesize that the VIHM originates in the physiological funnel-shaped 
narrowing of the LVOT; the somewhat obstructive shape is possibly accentuated by a 
higher contractility of the myocardium in childhood. This hypothesis was supported by 
our data on the smaller diameters of the LV, LVOT and AAO, the higher maximum velocity 
and acceleration in the LVOT and AAO, and the vibrations on the aortic valve. 
Curvilinear and rectilinear characteristics of the Doppler spectrum (parallel harmonics) 
are present in patients with a musical murmur based on e.g. mitral valve or aortic valve 
insufficiency and bioprothesis malfunction [Chambers et al. 1987, Kinney et al. 1986, 
Pennestri et al. 1989]. In children with and without a VIHM, such curvilinear harmonics 
have been seen in systole in the pulsed-Doppler spectrum of the blood flow in the LV 
adjacent to trabeculae or close to a left ventricular band and have been interpreted as 
being related to vibratory phenomena [Gardiner and Joffe 1991]. However, no systolic 
vibrations of the anatomical structures in the LV were observed in that study and the 
picture presented showed, in our view, mirror images of the Doppler spectra possibly due 
to non-optimal tuning of the receiver. Diastolic vibrations of the mitral chordae have beer 
seen fairly often in patients with an organic musical murmur due to aortic regurgitation. 
Systolic vibration of a false tendon in the LV, related to a VIHM, was reported only once 
and in an inconclusive way [Brenner et al. 1984]. Ryssing et al. [1984] observed fine 
systolic fluttering of a false tendon, related to a grade 3 to 4 harsh ejection murmur and 
"some degree of turbulence in the LVOT". This could have been an example of minor 
subvalvular aortic stenosis. 
In the present study, systolic vibrations of the aortic valve were more common in the 
children with a VIHM than in the matched controls. If vibrations were present, both the 
frequency and amplitude were higher in the тнм children than in the controls. Plotted in 
a diagram, it was surprising to see that vibrations with a frequency of ^100 Hz and ar 
amplitude of S1 mm were related to a VIHM in 40% of the cases and that only one of the 
controls had such vibration on the aortic valve. This high specificity was also observed in 
a pilot study on vibrations on the aortic valve in a routine paediatric cardiology population 
(Chapter 4) and in the preliminary results of this study [Van Oort et al. 1990, Van Oor! 
et al. 1991, Van Oort et al. 1992]. This vibration on the aortic valve itself might be the 
origin of the гнм or it could be the transmitter of a process in the direct vicinity, which 
has not yet been elucidated. Our findings strongly support the LVOT-aortic valve region as 
the site of origin of the VIHM. 
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Chapter 6 
THE VIBRATORY INNOCENT HEART MURMUR IN SCHOOL CHILDREN. 
difference in auscultatory findings between school medical officers 
and a paediatric cardiologist 
based on: 
Van Oort A, Le Blanc M, De Boo T, Van der Werf Τ, Rohmer J, Daniels O. 
The vibratory innocent heart murmur in school children; difference in auscultatory 
findings between school medical officers and a paediatric cardiologist 
Ped. Cardiol. 1993; in press 
6.1 Summary 
[η 810 school children, heart auscultation was performed by school medical officers 
(SMOs) and a paediatric cardiologist (PC). The prevalence for a grade 1, 2, or 3 vibratory 
innocent heart murmur ( інм), a grade 2 or 3 VIHM and a grade 3 тнм heard by the PC 
was 41%, 13% and 1%, respectively. The SMOs noted such murmurs in 26%, 9% and 
1%, respectively. In 30% of the cases in whom the PC had noted a grade 2 or 3 тнм, 
SMOs had reached the same conclusion; in 30% of such cases the SMOs did not hear any 
heart murmur. If the PC heard a grade 2 or 3 VIHM, phonocardiography was performed in 
a case-control study in which the controls did not have a heart murmur (94 pairs). In 4 
children with a grade 2 or 3 VIHM, no heart murmur could be registered and in 3 other 
children the phonocardiogram of the murmur did not have the typical diamond shape. In 
contrast, a VIHM was seen on the phonocardiogram of 3 children without a heart murmur 
at school. These 10 children with their matched case or control were excluded from the 
final case-control study. In 26 children with a phonocardiographically proven grade 2 or 3 
VIHM, the SMOs did not hear any heart murmur. One child with a grade 3 VIHM (detected 
by both the PC and SMO) had minor subvalvular aortic stenosis. 
There was quite a difference in the auscultatory detection of a venous hum: 9% (PC) and 
2% (SMOs). The prevalence of a pulmonary ejection murmur was identical at 4%. Carotid 
bruit was heard in 4% (PC) and 2% (SMOs). 
Pathological murmurs were heard in 12 children by the PC. The SMOs agreed in 2 cases 
but no further cardiological examination was performed. Eight out of the 12 pathological 
murmurs were confirmed by further cardiological examination and one was diagnosed as 
being an innocent pulmonary ejection murmur. The separate auscultatory findings of 4 
SMOs, who examined > 100 children each, differed remarkably from the results of the PC 
Variation in the intensity of the heart murmurs and the difference in auscultatory skills 
explained the lack of agreement in auscultatory Findings between the PC and the SMOs. 
Specialized training of SMOs to recognize (pathological) heart murmurs is advocated. 
6.2 Introduction 
In 1928 the school medical officer Edith Lincoln, reported on a 7 year health programme, 
which comprised comprehensive cardiovascular examination. She mentioned a prevalence 
of 6.6% of "transient systolic murmurs not of demonstrable significance". Most were 
blowing and many had a decidedly musical quality. No reference was made to the well-
known description of the most common innocent heart murmur in childhood by George 
Still [1915], but she did refer to older German literature [Hochsinger 1913]. As a school 
offers a much better opportunity to study normal children than a clinic, several other 
studies were performed on school children to estimate the prevalence and importance of 
innocent heart murmurs [Leatham et al. 1963, Luisada et al. 1958, Marienfeld et al. 
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1962, McLaren et al. 1980, Sampson et al 1945]. 
McLaren et al. [1980] stated that it is difficult to exclude minor cardiac pathology with 
any certainty using physical examination alone. In the past two decades, echocardiography 
has proved to be an excellent diagnostic method in cardiology, but it is not clear whether 
echo-Doppler can exclude minor congenital heart defects better than long-term clinical 
follow-up. The former, however, is much quicker and may find application as a diagnos-
tic standard by which the innocence of murmurs can be corroborated [Danford and 
McNamara 1990 page 1920]. On the basis of a cost assessment of the evaluation of heart 
murmurs in children, it is better and cheaper to consult a paediatric cardiologist if the 
innocence of a heart murmur is questionable, in stead of a primary care physician 
referring the child for echo-Doppler to exclude cardiac disease [Danford et al. 1993]. 
A study was designed to estimate the prevalence of the vibratory innocent heart murmur 
(V1HM) in school children; the innocence of the grade 2 or 3 VIHM had been proved with 
echo-Doppler. All the children underwent heart auscultation by a school medical officer 
and one paediatric cardiologist. This provided the opportunity to study the difference 
between the results obtained by different professionals, as very few data were available in 
the literature about this difference [Freeman and Levine 1933, Kiewer et al. 1991, 
McLaren et al. 1980]. The extensive echo-Doppler data from the same case-control study 
are described in Chapter 5. 
6.3 Materials and methods 
In the same session or, at the most, within two weeks after a routine physical examination 
performed by one of 9 participating SMOs, 810 children (5-14 yrs of age) underwent heart 
auscultation in the supine and upright positions by one PC (AVO) at school. The PC and 
the SMOs were not aware of each other's auscultatory findings. If a heart murmur was 
present it had to be defined as: a murmur of organic heart disease or a vibratory innocent 
heart murmur (VIHM), pulmonary ejection murmur, venous hum, carotid bruit or combi-
nations of these innocent heart murmurs. So, a heart murmur was defined as pathological 
if the murmur could not be interpreted as one of the innocent heart murmurs. In the 
Dutch health organization it is the prerogative of the general practitioner to refer patients 
to a hospital. So in the case of a pathological murmur, the SMO referred the child to the 
general practitioner for further evaluation, after the auscultatory findings had been noted 
separately by the SMO and the PC. 
The loudness of the murmur had to be graded in accordance with Levine on a scale of 1 
to 6 [Freeman and Levine 1933]. Auscultatory findings in the supine and upright positions 
were coded separately. The maximal loudness in either the supine or upright position was 
used to grade the loudness of the VIHM in each child. 
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The innocent heart murmurs were defined as: 
• vibratory innocent heart murmur: groaning, musically-harmonic, low-pitched 
early-mid systolic heart murmur, heard best between the apex and the left lower 
sternal border, sometimes with radiation to the upper right sternal border and the 
carotid arteries. On the phonocardiogram a diamond-shaped murmur had to be 
present in the 70 Hz band with a short period between the first heart sound and the 
onset of the murmur. 
• pulmonary ejection murmur: non-musical, low-pitched, early-mid systolic heart 
murmur, heard most prominently at the upper left sternal border sometimes with 
transmission to the left axilla or the back. 
• venous hum: continuous murmur, low-pitched, usually most prominent in the right 
infra- and supraclavicular area in a sitting or an upright position. Compression of 
the jugular vein by hand, extreme rotation of the head or assuming a supine 
position will diminish or abolish the murmur. 
• carotid bruit: non-musical, mid-pitched, early-mid systolic murmur, heard best in 
the carotid artery region. No ejection click and/or systolic murmur in the upper 
right sternal border may be present. Extension of the neck and shoulders and/or 
firm pressure on the subclavian artery will diminish or abolish the murmur. 
If a grade 2 or 3 VIHM was found in a Caucasian child by the PC, the child accompanied 
by the parents was invited to the outpatient department for an ECG, phonocardiography, 
carotid pulse tracing and echo-Doppler. Each child with a grade 2 or 3 VIHM was 
matched with another child without a murmur for height, body weight and gender. The 
control children were also requested to undergo the same cardiological investigations. Our 
study group comprised 94 pairs of children who underwent phonocardiography. 
The study was approved by the local committee on human experimental research. 
statistical analysis 
Apart from descriptive statistics, Fisher's exact test was used to analyse the difference in 
the prevalence of a VIHM between the sexes. 
6.4 Results 
Tables 6.1 and 6.2 list the prevalence of a VIHM in 810 school children (aged 5-14 yrs) 
subdivided into age classes and the loudness of the murmur, based on the auscultatory 
findings of the PC and the SMOs. There was no statistically significant difference related to 
gender. 
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Table 6.1 Prevalence of the vibratory innocent heart murmur observed by the 
paediatric cardiologist in 810 school children 
age (yrs) 
grade 1 V1HM 
grade 2 VIHM 
grade 3 VIHM 
noHM 
other HM only 
ratal 
5-6 
58 (26) 
45 (21) 
1(0) 
91 (42) 
24(11) 
219 (100) 
7-8 
43 (30) 
17 (12) 
4(3) 
63 (43) 
18 (12) 
145 (100) 
9-10 
49 (33) 
12(8) 
1(1) 
64(44) 
21 (14) 
147 (100) 
11-12 
49 (23) 
25(12) 
0(0) 
108 (51) 
29 (14) 
211(100) 
1 13-14 
19 (22) 
5(6) 
2(2) 
48 (55) 
14 (16) 
88 (100) 
5-14 
218 (27) 
104 (13) 
8(1) 
374 (46) 
106 (13) 
810 (100) 
Loudness of the VIHM was the maximum score m the supine or upright position 
Column percentages are given in brackets 
HM: heart murmur 
VIHM vibratory innocent heart murmur 
Table 6.2 Prevalence of the vibratory innocent heart murmur observed by the 
school medical officers in 810 school children 
age (yrs) 
ι 1 
| grade 1 VIHM | 
grade 2 VIHM 
grade 3 VIHM 
noHM 
other HM only 
| total | 
5-6 
56 (26) 
10(5) 
0(0) 
137 (63) 
16(7) 
219 (100) 
7-8 
28 (19) 
16(11) 
8* (6) 
74 (51) 
19 (13) 
145 (100) 
9-10 
15 (10) 
13(9) 
2(1) 
98 (67) 
19 (13) 
147 (100) 
11-12 
27 (13) 
23(11) 
0(0) 
152 (72) 
9(4) 
211 (100) 
13-14 
10(11) 
4(5) 
2(2) 
69 (78) 
3(3) 
88 (100) 
5-14 
136 (17) 
66(8) 
12* (1) 
530 (65) 
66(8) 
810 (100) 
Loudness of the VIHM was the maximum score m the supine or upright position 
Column percentages are given in brackets 
HM: heart murmur 
VIHM. vibratory innocent heart murmur 
* including 1 grade 4 VIHM 
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Table 6.3 Agreement and contrast in the classification of a grade 2 or 3 vibratory 
innocent heart murmur and no heart murmur in the same child by the 
paediatrie cardiologist and the school medical officers. 
SMOs 
noHM 
SMOs 
grade 1 VTHM 
SMOs 
grade 2,3 VIHM 
SMOs 
other HM 
total 
PC 
noHM 
305 (82) 
158] 
34(9) 
[25] 
11(3) 
[141 
24(6) 
136] 
374 (100) 
[46] 
PC 
grade I VIHM 
125 (57) 
[24] 
51 (23) 
[38] 
27 (13) 
[56] 
15(7) 
[231 
218 (100) 
[271 
PC 
grade 2,3 VIHM 
33 (30) 
[6] 
35 (31) 
[26] 
34* (30) 
[44] 
10(9) 
[22] 
112(100) 
[14] 
PC 
other HM 
67 (63) 
[13] 
16 (15) 
[12] 
6(6) 
[8] 
17 (16) 
[26] 
106 (100) 
[13] 
total 
530 (65) 
[100] 
136 (17) 
[100] 
78 (10) 
[100] 
66(8) 
[100] 
810(100) 
(100) 
Loudness of the VIHM was the maximum score in the supine or upright position 
Column ( ) and row [] percentages are given in brackets 
The numbers with bold type are mentioned in the discussion text 
HM: heart murmur 
PC: paediatnc cardiologist 
SMOs: school medical officers 
VIHM: vibratory innocent heart murmur 
* including I grade 4 VIHM, heard by a SMO 
The agreement and contrast in auscultatory findings between the PC and the SMOs are 
shown in Table 6.3. From the diagonal column running from the top left to the bottom 
right it can be concluded that complete agreement existed in 407 cases, which is approxi­
mately 50%. In 5 out of the 12 cases in whom a SMO heard a grade 3 шм, the PC noted 
a grade 1 тнм (3) or no heart murmur at all (2). In 4 out of the 8 cases in whom the PC 
heard a grade 3 тнм, the SMO had noted the same findings. The loudness of the VIHM 
decreased in the majority of cases from the supine to the upright position. In one child 
with a grade 1 шм heard by the PC, the loudness increased to grade 2 from the supine 
to the upright position. The SMOs found an increase in the loudness of the murmur from 
the supine to the upright position in 12 cases (9 VIHM, 2 інм+venous hum, 1 pulmo-
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nary ejection murmur). In one child, a SMO noted a grade 4 шм in both the supine and 
the upnght positions, whereas the PC found no precordial thnll and a тнм grade 3 and 1, 
respectively 
Table 6 4 Pathological heart murmurs in 810 school children 
small VSD 
minor valvular and 
peripheral PS 
minor valvular 
aornc stenosis 
state after debanding 
PA and closure VSD 
patent ductus 
arteriosus 
slight mitral 
insufficiency 
notation PC 
4 
4 
I 
1 
1 
1 
grade 1 VIHM 
grade 1 VH 
grade 3 VIHM 
grade 3 VIHM 
notation SMOs 
1 agreement 
3 no heart murmur 
1 agreement 
1 pulm ej murmur 
2 no heart murmur 
grade 2 VIHM 
grade 2 
pulm ej murmur 
grade 2 
pulm ej murmur 
no heart murmur 
grade 1 pathol murmur 
grade 2 pathol murmur 
grade 3 pathol murmur 
grade 3 VIHM 
cardiological confirmation 
of the finding of the PC 
not referred 
2 confirmed 
1 not referred 
not referred 
1 pulm ejection murmur 
2 confirmed 
confirmed 
confirmed 
confirmed 
closed with an umbrella 
confirmed 
not referred 
not referred 
m case-control study 
normal heart 
m case-control study 
subvalvular aortic stenosis 
PA pulmonary artery 
PC paediatnc cardiologia 
PS pulmonary stenosis 
SMOs school medical officers 
VH venous hum 
VIHM vibratory innocent heart murmur 
VSD ventricular septal defect 
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Table 6.5 Classification of the heart murmurs heard by 4 school medical officers 
(who examined ä 100 children each) in the children in whom the paediatric 
cardiologist did not hear a heart murmur (n=234) 
no heart murmur 
grade 2 or 3 VIHM 
other heart murmur 
total 
SMO 1 
36(60) 
7(12) 
17 (28) 
60(100) 
SMO 2 
65 (82) 
1(1) 
13 (17) 
79 (100) 
SM0 3 
36 (69) 
1(2) 
15 (29) 
52 (100) 
SMO 4 
36(84) 
0(0) 
7(16) 
43 (100) 
Loudness of the VIHM was the maximum score in the supine or upright position 
Column percentages are given in brackets 
SMO school medical officer 
VIHM vibratory innocent heart murmur 
Table 6.6 Classification of the heart murmurs heard by 4 school medical officers 
(who examined S100 children each) in the children in whom the paediatnc 
cardiologist did hear a grade 2 or 3 vibratory innocent heart murmur 
(n=75) 
no heart murmur 
grade 2 or 3 VIHM 
other heart murmur 
total 
SMO 1 
1(5) 
15 (75) 
4(20) 
20 (100) 
SMO 2 
9(36) 
4(16) 
12 (48) 
25 (100) 
SM0 3 
3(33) 
2(22) 
4 (44) 
9(100) 
SMO 4 
4(19) 
2(10) 
15 (71) 
21 (100) 
Loudness of the VIHM was the maximum score m the supine or upright position 
Column percentages are given m brackets 
SMO school medical officer 
VIHM vibratory innocent heart murmur 
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There was considerable difference in the auscultatory detection of a venous hum: 9% (PC) 
and 2% (SMOs). A pulmonary ejection murmur was heard infrequently: 4% (both PC and 
SMOs); the same held true for carotid bruit: 4% (PC) and 2% (SMO). 
Pathological murmurs were heard in 12 children by the PC and in 3 others by the SMOs. 
The auscultatory findings of the PC and the SMO agreed about a minor VSD and minor 
pulmonary valve stenosis in only two children but further cardiological evaluation was not 
performed, because the general practitioner did not refer these two children. In total three 
children with a pathological murmur heard by the PC, were not referred for further 
cardiologie examination. In eight cases, the pathological murmur heard by the PC, was 
confirmed by further cardiological evaluation. One child was thought to have mild 
pulmonary valve stenosis by the PC, but further cardiological evaluation revealed an 
innocent pulmonary ejection murmur. One child was noted to have a grade 3 pathological 
murmur by a SMO but the PC heard a grade 3 VIHM; the child was then included in the 
case-control study and the VIHM was confirmed phonocardiographically with normal echo-
Doppler findings. One child with a grade 3 VIHM (both PC and SMO) had minor sub-
valvular aortic stenosis confirmed by echo-Doppler. In the case-control study a bicuspid 
aortic valve was present in one child without a heart murmur. 
Restricted to the children with pathological murmurs and/or (minor) cardiac disease, who 
were evaluated by further cardiologie evaluation (n=l l ) , the false positive and false 
negative notations by the PC and the SMOs were studied. The findings of the PC were 
confirmed in 9 cases and there was 1 false positive and 1 false negative notation. The 
SMOs' observations were confirmed in one case; 1 false positive and 9 false negative 
notations were found. In 5 out of these 9 false negative cases the SMOs had not heard any 
heart murmur. None of the children with pathological murmurs were known to have such 
murmurs beforehand except for the child who underwent debanding of the pulmonary 
artery with closure of the VSD. The data on the pathological murmurs are listed in Table 
6.4. Four SMOs auscultated >100 children each: 130, 169, 106 and 100 children, 
respectively. The internal differences in findings between these 4 SMOs, and between the 4 
SMOs as a group and the findings of the PC are shown in Tables 6.5 and 6.6. In this 
subgroup of 505 children, the prevalence of a venous hum of 8% (PC) and 2% (SMO) did 
not differ from the percentages recorded in the total study population. 
In the case-control study (94 pairs), 3 children without a heart murmur at school (PC) had 
a VIHM on the phonocardiogram. From the 4 children found to have a grade 2 VIHM at 
school (PC), no systolic murmur could be registered by phonocardiography. In three cases 
the VIHM (PC) did not have the regular diamond-shaped configuration and/or a short 
period between the first heart sound and the onset of the murmur. In 26 cases with a 
phonocardiographically confirmed grade 2 or 3 VIHM, the SMOs had not heard a murmur 
at school. In 4 cases who did not have a murmur on the phonocardiogram, the SMOs had 
noted a grade 2 VIHM at school. 
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6.5 Discussion 
Auscultation of the heart is a subjective matter and physicians have been debating the 
significance of heart sounds and murmurs since Laénnec invented the stethoscope. The 
development of phonocardiography has made it possible to characterize heart murmurs in 
a more objective way [Lockart 1938, Rappaport and Sprague 1941]. The vibratory 
character of the шм was first described by Harris and Friedman in 1952 as a simple 
wave of constant frequency, such as would be produced by a tuning fork. The murmur 
was separated from the first heart sound by a brief interval and ended well before the 
second heart sound [Paulin and Mannheimer 1957, Wells 1957]. In the past, two 
investigations were reported in which auscultatory and phonocardiographical data were 
obtained from a fairly large number of school children [Leatham et al. 1963, Luisada et 
al. 1958]. In another study, thousands of school children were examined by several 
auscultators (cardiologists and physicians in cardiology training) [McLaren et al. 1980]. 
To our knowledge this is the first report on the auscultatory findings of first-echelon 
health workers, such as SMOs, compared to those of a third-echelon PC. 
The prevalence of a VIHM- in our study was in accordance with the levels (32-70%) 
published in the literature for school children [Luisada et al. 1958, McLaren et al. 1980]. 
The published age distributions indicated that the VIHM is most prevalent between 5 and 
10 years of age, with a peak at around 7 and 8 years of age [Epstein 1948, Fogel 1960, 
Lincoln 1928, Luisada et al. 1958]. In our study, the auscultatory findings of the PC 
showed that the prevalence gradually decreased as the age of the children increased. The 
SMOs found the highest prevalence of a тнм in the 7-8 year old age class. 
The 1% prevalence of a grade 3 VIHM was lower than the 4.9% reported in the literature 
[McLaren et al. 1980]. Even in the category of these loud murmurs, there was consider­
able difference between the findings of the PC and the SMOs. It is important to be able to 
accurately diagnose a grade 3 VIHM because minor subvalvular aortic stenosis was present 
in one case who was thought to have a grade 3 VIHM in this study. A similar case was 
encountered in a pilot study which preceded this study [Van Oort et al. 1986]. Referral to 
a paediatric cardiologist has to be advocated in the case of a grade 3 VIHM to exclude 
heart disease. 
Being able to judge a difference of 1 grade in the loudness of heart murmurs is highly 
subjective and discussions about this are likely to be fruitless. Therefore, it is worthwhile 
to stress the differences in auscultatory findings between the PC and the SMO regarding a 
grade 2 or 3 VIHM versus no heart murmur. 
The prevalence of a grade 2 or 3 VIHM noted by the PC and the SMOs (13% vs 9%) was 
very similar and was comparable to the data of Luisada et al. [1958]. It was remarkable 
that the SMOs' findings agreed with those of the PC in only 34 (30%) of the 112 cases in 
whom the PC heard a grade 2 or 3 VIHM. The PC agreed with the findings of the SMOs 
about a grade 2 or 3 VIHM in only 44% of the cases. This difference was not based on the 
subjective interpretation of a grade 1 or 2 murmur, because in 33 (30%) out of the 112 
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:ases (26 were confirmed phonocardiographically in the case-control study) the SMO did 
lot hear any murmur at all. In 11 (14%) out of the 78 cases in whom the SMOs noted a 
jrade 2 or 3 VIHM, the PC did not hear a murmur. 
ІЪе amount of (internal) agreement about a grade 2 or 3 VIHM between the four SMOs 
svho auscultated > 100 children each and the findings of the PC ranged from 75% to 10%. 
Гпеге was also considerable difference in the detection of a grade 2 or 3 VIHM or no 
heart murmur at all by the four SMOs, when the PC had heard no heart murmur or a grade 
I or 3 VIHM, respectively. 
Another reason for the difference in auscultatory findings between the PC and the SMO 
:ould be the fact that the intensity of the VIHM differed in time. As early as in 1928, 
Lincoln stated that the intensity of what she referred to as "non-pathologic" murmurs, 
:ould markedly change in the same child with short intervals between the examinations. 
Epstein [1948] confirmed these findings. On the other hand, however, it was reported that 
the intensity of a grade 2 or 3 VIHM did not change from one year to the next [De 
Monchy 1963 page 39]. Follow-up studies showed that the VIHM disappeared in most 
:ases after puberty [De Monchy et al. 1973 (в), Marienfeld et al 1962]. 
Our study confirmed the observations of Luisada et al. [1958] that the result of phono­
cardiography is not always in accordance with the presence of a heart murmur, heard at 
previous examination. So the difference in the prevalence of a grade 2 or 3 VIHM between 
the PC and the SMOs can partly be explained by variability in the intensity of the murmur 
in time. 
A difference in auscultatory skill is another fairly credible factor. In a study population, 
the agreement about the prevalence of a VIHM between cardiologists and trainees in 
cardiology was very satisfactory (74% vs 67%) [McLaren et al. 1980]. It can be 
supposed, however, that these professionals will have gained ample experience in 
auscultation of the heart, far more than the average SMO. For example, about half of a 
group of 1000 children were examined by both Freeman and Levine [1933] and "it was 
quickly found that the observations by one corresponded quite well with those of the 
other". Most of the SMOs admitted that they were not used to listening in the infra- and 
supraclavicular regions. In daily practice, they restricted heart auscultation to the Ieri 
sternal border, which forms an explanation for the considerable difference between the 
observations of a venous hum by the PC (9%) and the SMOs (2%). In 444 infants and 
children, referred to a paediatric cardiology clinic because of suspected heart disease, the 
prevalence of a venous hum was 1.8% [Coleman and Doig 1970]. As the sound of the 
VIHM is louder in the supine position than it is in the upright position, auscultation of the 
heart has to be performed in at least the supine position. In this position a venous hum 
will not be heard in most cases, but the only clinical importance of this murmur is that il 
can be confused with the pathological continuous murmur of patent ductus arteriosus oi 
an Α-v fistula. 
One of the tasks of the first-echelon SMO is the early detection of pathology by adequate 
screening. In 34,863 school children, Stuckey et al. [1957] reported a 1.34% prevalence 
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of cardiac murmurs heard by SMOs. After referral to a cardiology clinic, 70% of these 
children were found to have an innocent heart murmur or no heart murmur at all. It is 
important to note that in 10 out of the 12 children with pathological murmurs detected by 
the PC, no pathological murmur was heard by the SMO. Although none of these murmurs 
originated from haemodynamically serious cardiovascular disease and none of these 
children had any cardiac complaints, the need for endocarditis prophylaxis is unquestion­
able. In eight children, the pathological murmur could be confirmed by another paediatric 
cardiologist, while in five of them the SMO did not hear a heart murmur at all. So, the 
main problem not only involved the misinterpretation of a low/high pitched character of a 
pathological murmur, but also actually hearing the pathological murmur itself, 
[n conclusion, there was quite a difference in the auscultatory findings between the PC and 
the SMOs, due to variability in the intensity of the інм, the skill of the auscultator and 
the consistency with which one listens at all the classic sites of heart auscultation. A 
remarkable difference was present in the detection of pathological heart murmurs. We 
fully agree with the advice of McLaren et al. [1980] that medical practitioners involved in 
the primary care of children in community health services, should receive specialised 
training in the recognition of heart murmurs. 
ЯП 
Chapter 7 
FINAL DISCUSSION AND CONCLUDING REMARKS 
Final discussion and concluding remarks 
The results of the investigations on the prevalence, difference in auscultatory findings and 
the origin of the vibratory innocent heart murmur ( гнм) can be used to address the 
questions listed in Chapter 1.6. 
7.1 Prevalence of a VIHM in school children 
rhe 41% prevalence of a grade 1, 2 or 3 VIHM, based on the auscultatory findings of the 
paediatric cardiologist, is in agreement with the data from the literature. 
Sometimes the general practitioner, the school medical officer (SMO) and the paediatrician 
find it difficult to decide whether or not a clearly audible grade 2 or 3 VIHM is really 
innocent. This uncertainty can cause needless anxiety for the parents and the child. 
Therefore, the prevalence of a grade 2 or 3 VIHM was estimated separately and appeared 
to be 14%, which was fairly substantial. 
The prevalence of a loud grade 3 VIHM was 1%. Some authors stated that a VIHM ought 
not to have an intensity of above grade 1 or 2 [Temmerman et al. 1991], but most reports 
mentioned the occasional occurence of a grade 3 or even 4 VIHM. The famous Helen 
Taussig described a loud groaning murmur, seldom accompanied by a pronounced thrill, 
which was equal to grade 4 [Taussig 1947 page 398]. Age has some influence on the 
prevalence of a VIHM. In the literature, the prevalence of a VIHM is reported to be at its 
maximum between the 5"1 and 10й1 year of life. As the younger age classes were not 
included in the study population, it cannot be stated whether the prevalence was maximum 
in the 5-6 year age class, but the prevalence of a VIHM steadily decreased from 47% in 
the 5-6 year age class to 30% in the 13-14 year age class. 
The VIHM is supposed to be a murmur which children "grow out of" during puberty and 
adolescence. Therefore it is remarkable that the prevalence of a grade 3 VIHM in the 13-
14 year age class was still 2%. This indicates that it is not unusual to hear a loud 
innocent heart murmur in young adolescents. 
7.2 Difference in auscultatory findings between the PC and the SMO 
There were no reports in the literature about the difference in auscultatory findings 
between first echelon (SMOs) and third echelon (PCs) medical practitioners. There was 
great contrast in the classification of a grade 2 or 3 VIHM in the same child between the 
PC and the SMO. This also applied to no heart murmur. There was agreement in the 
classification by the SMO and the PC who had heard a grade 2 or 3 VIHM in only one third 
of the cases. In another one third of these cases, the SMO did not hear a murmur. On the 
other hand, the PC did not hear a murmur in 14% of the cases in whom the SMOs had 
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heard a grade 2 or 3 VIHM. It is well-known that the intensity of the VIHM differs in time, 
but this fact alone cannot explain the greatly divergent results between the auscultatory 
findings of the PC and the SMO. There was a clear difference not only between the total 
group of SMOs and the PC, but also between the four SMOs who had examined more than 
100 children each and the PC. 
The subjective interpretation of the loudness of heart murmurs, the inconsistency of 
including the different sites of auscultation, the more or less noisy entourage at school 
and the skill of the auscultator, are all items which may influence the final outcome of the 
auscultatory findings. 
More important is the difference in the detection of pathological murmurs. The PC heard 
a pathological murmur in 12 children; further cardiological evaluation confirmed the 
pathological nature of the murmur in 8 of them and in one case the murmur was 
diagnosed as being innocent by another PC. In 3 cases the general practitioner did not 
refer the children for further evaluation. It was striking that the SMOs only heard 2 of 
these 11 pathological heart murmurs. Although these murmurs did not originate from 
haemodynamically serious cardiovascular disease, the need for intervention e.g. 
endocarditis prophylaxis was unquestionable. One of the tasks of the first echelon SMO is 
the early detection of pathology by adequate screening. It is obvious that auscultation of 
the heart forms a very small part of the total medical screening of school children and 
therefore the consistency with which the SMO listens at all the classic sites of heart 
auscultation will probably not be very high. Achieving 100% sensitivity in screening is a 
Utopian expectation, but a sensitivity of only 20% is too low. So the difference in 
auscultation between the PC and the SMO is important for daily practice. Auscultation of 
the heart as a screening method at school is of limited use. 
The advice that medical practitioners involved in the primary care of children in commun-
ity health services should receive specialized training in the recognition of heart murmurs, 
is still valid. Subjectivity in grading the murmur will remain, but this does not form a 
problem. It is important to become familiar with the typical groaning, vibratory character 
of the VIHM, the minor radiation of this murmur, the presence of normal splitting of the 
second heart sound and the lack of an ejection click. Differentiation into low-pitched and 
high-pitched murmurs can be very helpful for deciding whether a heart murmur is 
pathological or not. Unfortunately, a considerable proportion of first echelon medical 
practitioners are not able to make a correct distinction between a low-pitched and a high-
pitched character of a heart murmur (personal experience, based on the comparison of the 
auscultatory findings of the PC in the children referred to the paediatric cardiology 
outpatient department and the auscultatory findings of the referring physician, written in 
the referral letter). 
It is to be recommended that primary care physicians who deal predominantly with (the 
screening of) children, should work with the PC for one day a year at the outpatient 
department to further their auscultatory skills. In this way the SMOs will be confronted 
with a large number of children with a VIHM or murmurs due to minor cardiac diseases 
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such as VSD or slight pulmonary or aortic valve stenosis. The discussion between the PC 
and the SMO about their auscultatory findings in these children, if necessary supported by 
phonocardiography, might result in a more self-assured auscultatory skills of the SMO. 
During the training of an SMO the PC should avoid laying too much emphasis on special 
murmurs in paediatric cardiology. Learning to recognize innocent heart murmurs and to 
some degree the low/high pitched character of pathological heart murmurs ought to be 
sufficient. In view of the fact that it will not always be possible to create such an arrange­
ment, primary care physicians might benefit from tapes with all sorts of high-pitched and 
low-pitched heart murmurs which are commercially available [Lehrer 1992]. 
Specialized training of the SMO in the school setting would be less effective due to the 
fairly low number of children (10-20) seen in one day. Moreover, most of these children 
have no murmur at all. 
As far as a шм is concerned the repeated screening of children with a heart murmur is 
of little value, as the intensity of this murmur varies in time. Recognition of the typical 
groaning and vibratory character at the first auscultation is much more important in this 
respect. Repeated screening of pathological murmurs shows that they can diminish or 
disappear in time, e.g. murmurs of VSD and PDA. However, the murmur of e.g. pulmon­
ary or aorte valve stenosis, aortic coarctation and mitral insufficiency can become louder 
or can develop during the school age period. So, repeated screening of heart murmurs 
will not produce a decisive answer as to whether a murmur is innocent or pathological. It 
is only of use to screen for the development of pathological heart murmurs. Screening at 
the age of 5-6 years and at the age of 12-14 years ought to be sufficient. 
7.3 Correlation between the шм and blood flow turbulence 
Turbulence is supposed to be the initiating factor for most (pathological and innocent) 
cardiac ejection murmurs [Stein and Sabbah 1977]. Six theoretical consequences of 
turbulence which could potentially produce heart murmurs have been described in the 
literature. Four of these phenomena generate a sound which comprises various fre­
quencies and can be described as "harsh". The other two possible consequences concern 
vortices which develop on the rim of a somewhat narrowed orifice, or a periodic wake 
phenomenon which arises behind a structure protruding into a laminar flow. Both of these 
latter possibilities could cause harmonic vibrations and yield a musical tone without any 
harshness. It is an interesting question as to whether these vortices or wake phenomena 
are detectable with echo-Doppler, as this non-invasive method is very sensitive to 
detecting turbulent blood flow. In pilot studies on 9 and 25 children with a VIHM, no 
statistical difference was found in the width of the Doppler spectrum from the blood flow 
in the ascending aorta (AAO), the right ventricular outflow tract and the main pulmonary 
artery between children with a VIHM and children without a murmur. Several authors 
reported that no turbulent blood flow was detectable in the left ventricle (LV), left 
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ventricular outflow tract (LVOT) and the AAO, which was confirmed by the results of our 
case-control study. Cepstrum analysis of the frequency modulated Doppler signals from 
the blood flow along the wall of the LVOT indicated that a low frequency phenomenon 
was hidden in these Doppler signals [Nowicki and Marciniak 1989]. We were not able to 
confirm the presence of this phenomenon in a model study, or in a small group of 
children with a шм (unpublished data). So, it is very unlikely that the тнм is caused 
by blood flow turbulence, but this study on the width of the Doppler spectrum did not 
provide any further insight into the localization of the origin of the VIHM. 
7.4 Correlation between the VIHM and vibrating structures 
Some authors found indication that the VIHM originated from a vibrating structure, such as 
the pulmonary valve, the ventricular septum, false tendons in the Lv or the left 
ventricular wall itself. The pulmonary valve was mentioned mostly in the mid-decades of 
this century as a theoretical cause of innocent heart murmurs. 
False tendons in the LV were mentioned in the 1970s and 1980s, as these structures were 
often detected by the new techniques of M-mode and two-dimensional echocardiography. 
Although vibration of these structures is regarded as the origin of the VIHM, the presence 
of such vibration has never been proved clearly. In our studies, we found a prevalence of 
about 40% for false tendons in children with and without a VIHM, but no systolic 
vibration was observed on these false tendons. 
De Monchy [1963 page 42] reported a 65% prevalence of fine vibrations on the carotid 
pulse tracings in children with a VIHM. In a retrospective pilot study on 9 children with a 
grade 3 VIHM, we have found minor vibrations on the carotid pulse tracings in 5 children 
(paper speed 50 mm/s). In a prospective study on 84 children with a grade 2 or 3 ШМ, 
the carotid pulse tracings did not show any vibrations (paper speed 100 mm/s). Nowadays 
the origin of the VIHM is often assumed to be in the LVOT or the AAO. The presence of 
vibrating structures in these areas has not been ascertained. Curvilinear characteristics of 
the Doppler spectrum of the blood flow adjacent to trabeculae or false tendons in the LV, 
possibly related to vibratory phenomena, were only reported once in children with and 
without a VIHM [Gardiner and Joffe 1991]. 
If the VIHM is not generated by turbulent blood flow, one has to look for other vibrating 
structures from which the VIHM might originate. The most obvious structure is the aortic 
valve, as it is such a thin, low-mass structure that vibrations will probably be started by a 
relatively low energy level of vortices or wake phenomena, developing in the LVOT and 
shedding to the aortic valve region. It is like blowing along a thin blade of grass and 
producing a loud noise. Vibrations on the aortic valve are well-known and are often seen 
in daily practice at a (paediatric) cardiology department. This is pointed out in the 
inventory of vibrations on the aortic valve described in Chapter 4. The results of the case-
control study on 168 children clearly proved that the vibrations on the aortic valve in 
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children with a гам had higher frequencies and increased amplitudes. When the sample 
was restricted to a vibration with an amplitude of >1.0 mm and a frequency of ¿100 
Hz, a striking prevalence of 40% was found in children with a VIHM compared to a 
prevalence of only 1 % in children without a heart murmur. Although the sensitivity was 
fairly low, the specificity of the presence of such a vibration on the aortic valve was very 
high. It is possible that the 40% prevalence of the type 3 aortic valve vibration was 
underestimated, because during M-mode echocardiography only two leaflets of the valve 
were imaged. In most cases, the aortic valve vibration was clearly visible on one of these 
two leaflets. Although the transducer was manipulated to obtain the best view on two of 
the three valve leaflets during м-mode echocardiography some vibrations may have been 
missed. The fact that the above-mentioned typical vibration could not be demonstrated in 
60% of the children with a VIHM indicates that vibration of the aortic valve itself is not 
likely to be the origin of the VIHM. On the other hand, a 40% prevalence of a type 3 
vibration on the aortic valve in children with a grade 2 or 3 VIHM supports the hypothesis 
that the origin of the VIHM is localized in the immediate vicinity of the aortic valve. 
According to the theory of Bruns, the shedding of vortices and fluctuating wakes in the 
blood flow towards the aortic valve could be the physical principle behind the origin. 
7.5 Correlation between the VIHM and anatomical features of the LV and the AAO 
False tendons in the LV can be detected fairly easily by echocardiography. Several authors 
have connected the presence of these structures in the LV to the VIHM. Correlations 
between false tendons in the LV and the VIHM were reported in 0% to 100%! It is 
reasonable to assume that such stretched fibres in the LV will be the vibrating origin of 
the VIHM. However, in the present case-control study on 84 pairs of children (each pair 
comprised a child with a VIHM and a matched control without a heart murmur) the 
presence of false tendons in the LV did not differ between the paired children and no 
systolic vibrations were seen on the false tendons. 
In the literature, there were no data available about the dimensions of the LV in relation to 
the presence of a VIHM, except for one report about a thinner left ventricular wall in 
children with a VIHM without any supporting data [Temmerman et al. 1991]. In our 
studies, a strong tendency was found towards smaller dimensions of the LV and the LVOT 
in children with a VIHM compared to their controls, but the differences were not signifi­
cant. There was no substantial difference in the systolic or diastolic thickness of the left 
ventricular wall between the children with a VIHM and their matched controls. 
In the literature we found three reports on a relationship between the VIHM and a small 
diameter of the AAO, and one report in which no significant difference was found in the 
diameter of the AAO between childeren with a VIHM and their matched controls. In our 
study, a highly significant smaller diameter of the AAO was also found in children with a 
VIHM compared to their matched controls without a heart murmur, although the absolute 
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values of the differences were small. This finding of a smaller diameter of the AAO 
provides support for the "narrow-LVOT theory" and could be the cause of the development 
of the vortices and the fluctuating wakes. 
7.6 Correlation between the шм and left ventricular performance 
Factors which influence the left ventricular voltages on the electrocardiogram are the 
mass of the heart muscle, the proximity of the heart to the chest wall, the thickness of the 
surface muscular layer and the thickness of the subcutaneous fat. In our study, it was 
remarkable that the LV tended to be smaller in the children with a VIHM, while the left 
ventricular voltages on the electrocardiograms of these children were significantly higher 
than those of the children without a heart murmur. As the matching of the children was 
performed on the basis of factors including height and body weight, it was assumed that 
there would be no difference in the proximity of the heart to the chest wall between the 
pairs of matched children. So there is an unexplained contradiction between the lower 
mass of the LV and the higher electrical activity of the LV in the children with 'a VIHM. 
It can be postulated that the maximum velocity and the maximum acceleration in the AAO 
are parameters of left ventricular performance, although many other factors influence this 
velocity and acceleration, i.e. stroke volume, diameter of the AAO and vascular resis­
tance. In pilot studies on 9 and 25 children with a VIHM, we could not find any statistical 
difference in the maximum velocity and maximum acceleration in the AAO in these groups 
of children compared to unmatched groups of children without a VIHM. Several authors 
reported a higher blood flow velocity in the AAO in children with a VIHM compared to 
children without a murmur and the results of our case-control study confirmed this 
finding. The absolute differences were fairly small but highly significant in this study on 
matched pairs of children. 
In the literature, several authors reported that children with a VIHM have higher contractil­
ity of the myocardium based on systolic time intervals of the LV; a higher shortening 
fraction of the LV was also reported in children with a VIHM. In our case-control study, 
we did not find any substantial difference in the shortening fraction of the LV and the 
systolic time intervals, measured on M-mode echocardiograms as well as on carotid artery 
tracings, between children with a VIHM and children without a heart murmur. The fact 
that neither the systolic time intervals nor the shortening fraction of the LV differed 
between the children with and without a VIHM, indicates that the significantly higher 
maximum acceleration might be not caused by increased contractility of the myocardium. 
The decrease in the diameter of the AAO in children with a VIHM was more pronounced 
than the tendency towards smaller dimensions of the LV, compared to the children without 
a murmur. So, the diameter of the AAO in the children with a VIHM was somewhat 
smaller. Therefore the velocity of the blood flow will be higher with an increase in the 
maximal acceleration, but without the need for higher contractility of the myocardium. 
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This phenomenon will be more prominent with a lower heart rate and ал increased stroke 
volume of the LV, as was reported by Gardiner and Joffe [1991]. In our case-control 
study, the heart rate was also significantly lower in the children with a шм, but the LV 
tended to be smaller without any difference in shortening fraction in these children, which 
suggested a somewhat lower stroke volume. Schwartz et al. [1986] and Sholler et al. 
[1987] reported that there was no difference in the cardiac output between children with 
and without a VIHM. Kiewer et al. [1991] reported that a тнм becomes audible in all 
persons with a dobutamine-induced higher cardiac output, but another etiological factor 
could be more accentuated narrowing of the LVOT, due to dobutamine-induced higher 
contractility of the myocardium. While a higher cardiac output, if any, is more likely to 
occur in children with a шм, our data about a combination of a smaller size of the 
LV/AAO and a lower heart rate, suggest an unexplained opposite tendency. 
7.7 Innocence of the VIHM 
In the first description of the VIHM by George Still, the clearly functional, i.e. innocent, 
character of this murmur was underlined. On the assumption that the VIHM originates in 
the physiologically narrowed LVOT, it is not so remarkable that slight membraneous 
subvalvular aortic stenosis or a narrowed LVOT in the case of a hypertrophic obstructive 
cardiomyopathy, will produce a heart murmur which resembles a VIHM. Among more 
than 100 children with a grade 2 or 3 VIHM, there were two children with mild sub-
valvular aortic stenosis. Both had a grade 3 murmur. Therefore, we recommend echo-
Doppler for children with a grade 3 VIHM. The development of hypertrophic obstructive 
cardiomyopathy was reported in a follow-up study on a case with a VIHM [Temmerman et 
al. 1991]. As minor valvular aortic stenosis is supposed to be the pathological continu­
ation of the "narrow-LVOT theory", a pilot study was performed to detect a possible 
parameter to enable better differentiation between an innocent VIHM and pathological 
minor valvular aortic stenosis (Chapter 3). One of the problems encountered was dif­
ficulty with the precise definition of minor valvular aortic stenosis. In the case-control 
study, we had expected to find a larger number of bicuspid aortic valves, which can be 
assumed to create a slight obstruction in the LVOT, among the VIHM children in connec­
tion with the "narrow-LVOT theory". However, none of the children with a VIHM and only 
one child without a murmur appeared to have such minor pathology of the aortic valve. 
This is a very low prevalence, compared to the literature. On the other hand, Geva et al. 
[1988] reported that two out of 50 children (4%) with an innocent heart murmur had a 
bicuspid aortic valve. In conclusion, a grade 1 or 2 шм can definitely be considered to 
be innocent. It is very likely that a grade 3 тнм will be innocent, but very rarely it is 
due to (minor) pathology in the LVOT. 
The vibration on the aortic valve with a frequency of S 100 Hz and an amplitude of > 1 . 0 
mm is a fairly course phenomenon as can be seen in Figure 5.6. It is totally speculative 
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to assume that the year by year presence of a fairly coarse vibration on the aortic valve 
will lead to somewhat earlier degeneration of this valve in later life. In this connection it 
would be of great interest to find out whether or not a type 3 vibration is still present on 
the aortic valve in adults. Only a cohort study over several decades can provide an 
answer to this question. 
7.8 Recommendations in the approach to children with a шм and their parents 
George Still was familiar with the groundless alarm and the unnecessary restrictions 
imposed upon children with a VIHM. According to the results of 3 conferences on the 
insurability and employability of young cardiac patients, insurance companies have 
traditionally been wary about granting life insurance to children reported to be normal but 
with what is described as a functional heart murmur. After updating in 1976, the restric­
tions for bona fide innocent murmurs were removed [Engle 1977]. 
Most parents expect their paediatrician, general practitioner and school medical officer to 
be just as proficient in the field of innocent heart murmurs, as they are with other normal 
variants found during physical examination. But many of them do not possess the easy 
confidence with heart auscultation as they do with examining other organ systems. The 
process of distinguishing between normal and pathological heart murmurs and explaining 
this to parents seems to be more complex than is generally acknowledged [McNamara 
1987]. To stress the innocent character of heart murmurs to the parents and the child in 
an expedient manner, it is necessary for the physician to be convinced about that 
innocence and to use lay language for explaining the situation. Most people understand 
very well the comparison between the evaluation of a physician that a heart murmur is 
innocent and the evaluation of a motor mechanic that the sound made by a perfectly 
running motor is pleasant. 
Primary care physicians do not usually request an electrocardiogram as support for 
deciding whether or not a murmur is innocent. The paediatrician sometimes makes such a 
request and the PC routinely requests an electrocardiogram at the outpatient department. 
We agree with the recommendation of Danford et al. [1993] regarding cost assesment that 
primary care physicians should refer children to a PC if the innocence of a heart murmur 
is questionable, instead of sending them directly for echo-Doppler. In the same study it 
was found that PCs were more economical in their requests for echo-Doppler for children 
with innocent heart murmurs than primary care physicians. Not only cost assessment, but 
also a basic attitude of avoiding a diagnostic "overkill" is important in this respect. 
7.9 Concluding remarks 
• In school children, the prevalence of a VIHM was 4 1 % . Restricted to a grade 2 or 
3 VIHM, the prevalence was 14%. 
• There was quite a difference in auscultatory findings between the SMO and the PC. 
The SMOs heard a considerably lower number of innocent heart murmurs and their 
detection of pathological heart murmurs was too low. 
• The presence of false tendons in the LV was very similar in children with and 
without a VIHM. 
• In children with a VIHM, no turbulent blood flow was detectable in the LVOT or in 
the А АО. 
• In the children with a VIHM, the diameter of the AAO was significantly smaller and 
the LV/LVOT tended to be smaller than in the children without a murmur. 
• In the children with a шм, the maximum blood flow velocity and the maximum 
acceleration of the velocity in the AAO was significantly higher than in the children 
without a murmur. 
• In 40% of the children with a VIHM, a typical vibration with a higher amplitude 
and higher frequency was seen on the aortic valve. 
• In children with a VIHM, the contractility of the myocardium was not increased, as 
there was no difference in the systolic time intervals of the LV between the 
children with a VIHM and the children without a murmur. Therefore the higher 
maximum acceleration of the blood flow velocity in the LVOT and AAO was more 
likely to be caused by the relatively smaller AAO (compared to the dimensions of 
the LV) than by higher contractility of the myocardium. 
• The smaller diameter of the AAO, the 40% prevalence of a type 3 vibration on the 
aortic valve, the higher blood flow velocity in the LVOT and AAO and the higher 
maximum acceleration of this velocity strongly support the LVOT/AAO region as 
the site of origin of the шм. These findings also cohere with the "narrow-LVOT 
theory" of Bruns about the genesis of the VIHM. 
• A grade 1 or 2 VIHM is considered to be innocent. The child and the parents can 
be reassured emphatically. 
• It is advocated to refer a child with a grade 3 VIHM to a PC. Sometimes echo-
Doppler is needed to exclude or to prove the existence of minor anatomical 
disorders in the LVOT/AAO region. 
Summary 
The vibratory innocent heart murmur (viHM) was first described nearly 80 years ago by 
the English physician Sir George Frederic Still. Despite extensive epidemiological, phono-
cardiographic and echo-Doppler studies, the origin of this most common innocent heart 
murmur in childhood has not yet been established. 
The aim of the study described in this thesis, was to re-evaluate the prevalence of the 
viHM. Most of the clearly audible grade 2 or 3 VTHMS proved to be innocent with echo-
Doppler. Co-operation of a paediatric cardiologist (PC) with school medical officers 
(SMOs) provided the opportunity to compare the auscultatory findings of first echelon 
health workers to those of a third echelon health worker. Echo-Doppler was employed to 
investigate the origin of the VIHM. 
Chapter 1 gives an overview of the literature about the innocent heart murmurs, 
especially the viHM. The many different names that have been given to innocent heart 
murmurs over the years are enumerated. Epidemiology, etiology and echo-Doppler 
findings of the шм are summarized and discussed. The aim of the study is set out in a 
list of questions. 
Chapter 2 makes an effort to detect local blood stream disturbances in children with a 
viHM by echo-Doppler. The width of the Doppler spectrum from blood flow is assumed 
to be a good marker for turbulence. Therefore this parameter was used to investigate 
possible differences between children with a viHM and children without a murmur 
together with other Doppler parameters such as maximum velocity and maximum 
acceleration. In the recent literature, the VIHM was assumed to originate in the left heart, 
so the Doppler spectra were obtained from the blood flow in the LVOT and the AAO. NO 
statistical difference was found in the maximum velocity, maximum acceleration or width 
of the Doppler spectrum between the children with a VIHM and the children without a 
murmur, either in the AAO or in the LVOT. One child with a clear VIHM was shown to 
have mild subvalvular aortic stenosis with a systolic turbulent flow in the LVOT. As no 
turbulent blood flow was detectable in the LVOT or AAO in children with a ІНМ, it is 
unlikely that this murmur originates from turbulent blood flow. The results of this study 
gave no further indication of the localization of the origin of the VIHM. 
Chapter 3 describes the investigation of a possible continuity between the innocent VIHM 
and the abnormal murmur of minor valvular aortic stenosis. Based on the hypothesis that 
the VIHM is generated by blood stream disturbances in the LVOT and AAO which are 
caused by a funnel-shaped physiologically narrowed LVOT, minor valvular aortic stenosis 
is thought to be the pathological continuation of this "narrow-LVOT theory". We were 
prompted to carry out an echo-Doppler study on children with a VIHM, children without a 
murmur and children with minor valvular aortic stenosis owing to the findings that minor 
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subvalvular aortic stenosis can produce a clear grade 3 VIHM and that in daily practice it 
is sometimes difficult to make an absolute distinction between a VIHM and the murmur of 
minor valvular aortic stenosis. The two murmur groups were defmed by means of the 
phonocardiographic character of the murmur and by the presence or absence of radiation 
of the murmur to the carotid arteries with a "cock's comb" on the carotid pulse wave. As 
expected, it was possible to make a distinction between the group of children with minor 
valvular aortic stenosis and the other two groups on the basis of the maximum velocity 
and the width of the Doppler spectrum in the AAO at the level of the right pulmonary 
artery, but the data were scattered and overlap occurred. The maximum acceleration in 
the LVOT was significantly higher in the group of children with a VIHM (there was also 
overlap with the other groups), but in the AAO there was no significant difference in the 
maximum acceleration between the groups of children with a VIHM and the children with 
minor valvular aortic stenosis. So, it was not possible to distinguish between individual 
children without a murmur, children with a VIHM and children with minor valvular aortic 
stenosis using Doppler parameters. In some respects the results of this study support the 
"narrow-LVOT theory". The differences in the Doppler data from the LVOT/AAO region 
between the children with and without a VIHM indicate that the origin of a VIHM is more 
likely to be localized in the LVOT/AAO region than in the right side of the heart, as the 
Doppler data obtained from children with and without a VIHM were almost identical at 
that site. 
Chapter 4 presents an inventory of the vibrations of the aortic valve observed in a 
prospective study on children with various cardiac abnormalities. During a 3 month 
interval M-mode echocardiograms were performed (by 5 experienced members of staff) on 
each consecutive child for whom echocardiography was requested at our paediatric 
cardiology department. In this way, 24 children with a grade 2 or 3 VIHM were included 
in the study. In the children with a VIHM, no turbulent blood flow was detectable, so the 
VIHM may have its origin in vibration of the surrounding vesselwalls and/or valve 
structures of the LVOT and the AAO. The aim of this pilot study was to investigate 
whether the types of vibration on the aortic valve present in children with a шм were 
different from the vibrations on the aortic valve usually seen in paediatric cardiology 
patients. The vibrations on the aortic valve were subdivided in 4 types on the basis of a 
frequency of < 100 Hz or à 100 Hz and an amplitude of < 1.0 mm or S 1.0 mm. 
No vibrations on the aortic valve were seen in half of the total number of м-modc 
echocardiograms of the aortic valve obtained during this study (n=207). As expected, nc 
vibrations were seen in any of the children with moderate aortic valve stenosis owing tc 
the thickened aortic valves. Vibrations with a frequency of > 100 Hz and an amplitude ol 
ä 1.0 mm were seen in 50% of the children with a VIHM, whereas this type of vibratior 
was seen only twice (1%) in the remaining group of children with various cardiac 
diseases (n=183). This finding supports the notion that the aortic valve or the LVOT/AAO 
wall is the site of origin of the ШМ. 
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Chapter S describes the case-control echo-Doppler study on school children. In co-
operation with nine SMOs 810 school children underwent auscultation of the heart by one 
SMO and one PC. Based on the auscultatory findings of the PC, an initial study population 
of 112 children with a grade 2 or 3 VIHM was formed. After implementation of the 
(phonocardiographic) protocol criteria, 84 children with a grade 2 or 3 VIHM, together 
with 84 matched controls without a murmur entered the case-control study. The preva-
lence of the VIHM is discussed and divided into grades 1, 2 and 3 and further subdivided 
into age classes. The children with a grade 2 or 3 VIHM were found to have a lower heart 
rate, higher left ventricular voltages on the ECG, an increased maximum blood flow 
velocity, higher maximum acceleration of the velocity in the LVOT and the AAO, and a 
smaller diameter of the AAO (statistically significant) than their matched controls. The 
dimensions of the LV also tended to be smaller in the children with a VIHM, but the 
differences were not statistically significant. Systolic time intervals of the LV, parameters 
for the contractility of the myocardium, did not differ substantially between the cases and 
controls. The presence of false tendons in the LV which is designated as a possible cause 
of the VIHM in the literature, was very similar in both groups. 
Vibrations on the aortic valve were seen more common in the children with a VIHM and, 
if present, their amplitude and frequency were significantly higher than in the controls. It 
was surprising that a vibration with a frequency of >100 Hz and an amplitude of ¿1 .0 
mm was found in 40% of the children with a тнм and that only one of the children 
without a murmur had such a vibration on the aortic valve. This finding strongly supports 
the LVOT-aortic-valve region as the site of origin of the VIHM. 
Chapter 6 makes an evaluation of the difference in auscultatory findings between nine 
SMOs and a PC The auscultatory findings in a group of 810 school children, as described 
in Chapter 5, were noted separately by one SMO and one PC. The prevalence of a grade 1, 
2, or 3 VIHM, a grade 2 or 3 гнм and a grade 3 VIHM heard by the PC was 41%, 13% 
and 1%, respectively. The SMOs noted such murmurs in 26%, 9% and 1%, respectively. 
In 30% of the cases in whom the PC had noted a grade 2 or 3 VIHM, the SMO agreed; in 
another 30% with a grade 2 or 3 VIHM the SMOs had not heard any heart murmur at all. 
The PC agreed with the SMO's evaluation of a grade 2 or 3 VIHM in 44% of the cases and 
did not hear any heart murmur in 14% of them. The subjective interpretation of the 
loudness of the murmurs and the difference in the intensity of a heart murmur against 
time, together with a difference in auscultatory skill, are mentioned as possible causes for 
the remarkable difference in auscultatory findings between the SMOs and the PC. Patho­
logical heart murmurs were heard in 11 children by the PC; the SMOs agreed in only two 
cases. These striking differences are a reason to advocate specialized training for SMOs in 
the recognition of (pathological) heart murmurs. 
Chapter 7 presents a final discussion on the results of this study regarding the preva­
lence, difference in auscultatory findings and the origin of the VIHM. We were able to 
draw the following conclusions: 
In school children, the prevalence of a шм was 41%. Restricted to a grade 2 or 
3 VIHM, the prevalence was 14%. 
There was quite a difference in auscultatory findings between the SMO and the PC. 
The SMOs heard a considerably lower number of innocent heart murmurs and their 
detection of pathological heart murmurs was too low. 
The presence of false tendons in the LV was very similar in children with and 
without a VIHM. 
In children with a VIHM, no turbulent blood flow was detectable in the LVOT or in 
the AAO. 
In the children with a VIHM, the diameter of the AAO was significantly smaller and 
the LV/LVOT tended to be smaller than in the children without a murmur. 
In the children with a тнм, the maximum blood flow velocity and the maximum 
acceleration of the velocity in the АЛО was significantly higher than in the children 
without a murmur. 
In 40% of the children with a VIHM, a typical vibration with a higher amplitude 
and higher frequency was seen on the aortic valve. 
In children with a шм, the contractility of the myocardium was not increased, as 
there was no difference in the systolic time intervals of the LV between the 
children with a VIHM and the children without a murmur. Therefore the higher 
maximum acceleration of the blood flow velocity in the LVOT and AAO was more 
likely to be caused by the relatively smaller AAO (compared to the dimensions of 
the LV) than by higher contractility of the myocardium. 
The smaller diameter of the AAO, the 40% prevalence of a type 3 vibration on the 
aortic valve, the higher blood flow velocity in the LVOT and AAO and the higher 
maximum acceleration of this velocity strongly support the LVOT/AAO region as 
the site of origin of the VIHM. These findings also cohere with the "narrow-LVOT 
theory" of Bruns about the genesis of the VIHM. 
A grade 1 or 2 VIHM is considered to be innocent. The child and the parents can 
be reassured emphatically. 
It is advocated to refer a child with a grade 3 VIHM to a PC. Sometimes echo-
Doppler is needed to exclude or to prove the existence of minor anatomical 
disorders in the LVOT/AAO region. 
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Samenvatting 
Het onschuldige, muzikaal klinkende hartgeruis (muzikaal geruis) is ongeveer 80 jaar 
geleden voor het eerst beschreven door de engelse arts George Still. Ondanks een aantal 
epidemiologische, fonocardiografische en echo-Doppler studies zijn de lokalisatie en 
ontstaanswijze van dit meest voorkomende onschuldige hartgeruis op de kinderleeftijd nog 
steeds niet opgehelderd. 
Het doel van het in dit proefschrift beschreven onderzoek is het opnieuw vaststellen van 
de mate van voorkomen van het muzikale geruis, waarbij dan van de meeste van de 
duidelijk hoorbare graad 2 of 3 muzikale geruisen het onschuldige karakter bevestigd kon 
worden door middel van echo-Doppler. De samenwerking met schoolartsen gaf de 
gelegenheid om de auscultatole bevindingen van eerste-échelon dokters te vergelijken met 
die van een derde-échelon dokter. Tenslotte is getracht de ontstaanswijze van het muzikale 
geruis te bestuderen met behulp van uitgebreid echo-Doppler onderzoek. 
Hoofdstuk 1 bevat een overzicht van de literatuur over onschuldige geruisen, met name 
het muzikale geruis. De vele verschillende namen die in de loop van de tijd zijn gebruikt 
voor het aangeven van onschuldige geruisen zijn weergegeven in dit hoofdstuk. De 
epidemiologie, etiologie en echo-Doppler van het muzikale geruis wordt bediscussieerd. 
Tenslotte wordt het doel van de studie samengevat in een lijst van vraagstellingen. 
Hoofdstuk 2 gaat over de pogingen om met behulp van echo-Doppler lokale verander-
ingen in de bloedstroming vast te stellen bij kinderen met een muzikaal geruis. De 
verbreding van het Doppler spectrum van de bloedstroming wordt beschouwd als een 
goede parameter voor de mate van turbulentie van deze bloedstroming. Daarom is deze 
parameter, naast andere Doppler parameters zoals maximale snelheid en maximale ver-
snelling, gebruikt om mogelijke verschillen tussen kinderen met een muzikaal geruis en 
kinderen zonder een geruis te bestuderen. Omdat in de recente literatuur verondersteld 
wordt dat de oorsprong van het muzikale geruis gelegen is in de linker kamer, werden de 
Doppler spectra van de bloedstroming in de uitstroombaan van de linker kamer en in de 
aorta ascendens gemeten. Zowel voor de maximale snelheid, de maximale versnelling als 
de verbreding van het Doppler spectrum werd geen statistisch verschil gevonden tussen de 
kinderen met een muzikaal geruis en de kinderen zonder een geruis, noch in de uitstroom-
baan van de linker kamer noch in de aorta ascendens. Eén kind met een luid muzikaal 
geruis bleek een lichte vernauwing onder de aortaklep te hebben met systolische turbu-
lente bloedstroming in de uitstroombaan van de linker kamer. Omdat er bij kinderen met 
een muzikaal geruis geen turbulente bloedstroming is aan te tonen in de uitstroombaan 
van de linker kamer of de aorta ascendens, is het onwaarschijnlijk dat het muzikale geruis 
wordt veroorzaakt door turbulente bloedstroming. 
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Hoofdstuk 3 beschrijft het onderzoek naar een mogelijke geleidelijke overgang van het 
onschuldige muzikale geruis naar het afwijkende geruis van de lichte aortaklep vernauw-
ing. Uitgaande van de hypothese, dat het muzikale geruis wordt veroorzaakt door 
veranderingen in de bloedstroming in de uitstroombaan van de linker kamer tengevolge 
van de fysiologische trechtervormige vernauwing van deze uitstroombaan, kan de lichte 
aortaklep vernauwing dan beschouwd worden als de verdere, afwijkende, voortzetting van 
deze "nauwe uitstroombaan theorie". Het feit dat een lichte vernauwing onder de 
aortaklep gepaard kan gaan met een duidelijk muzikaal geruis en dat in de dagelijkse 
praktijk het soms moeilijk kan zijn om een scherp onderscheid te maken tussen een 
muzikaal geruis en het geruis van een lichte aortaklep vernauwing, heeft aanleiding 
gegeven tot het opzetten van een echo-DoppIer onderzoek bij kinderen met een muzikaal 
geruis, kinderen zonder een hartgerais en kinderen met een lichte aortaklep vernauwing. 
De twee groepen kinderen met een geruis werden gevormd door middel van het fono-
cardiografische karakter van het geruis en de aan- of afwezigheid van een voortgeleiding 
van het geruis naar de halsslagaders met dan een hanekam op de carotisdrukcurve. Zoals 
verwacht, was er een verschil in maximale snelheid en verbreding van het Doppler 
spectrum in de aorta ascendens ter hoogte van de rechter tak van de longslagader 
aanwezig in de groep kinderen met een lichte aortaklep venauwing ten opzichte van de 
twee ander groepen, doch de metingen liepen nogal uiteen en er was ook een overlap 
tussen de drie groepen. In de groep kinderen met een muzikaal geruis was er een 
duidelijk hogere maximale versnelling in de uitstroombaan van de linker kamer (met ook 
overlap van de andere groepen), doch in de aorta ascendens was er geen verschil in 
maximale versnelling tussen de kinderen met een muzikaal geruis en de kinderen met een 
lichte aortaklep vernauwing. Het is dus niet mogelijk om in individuele gevallen, met 
gebruikmaking van Doppler parameters, onderscheid te maken tussen kinderen met een 
muzikaal geruis en kinderen met een lichte aortaklep vernauwing. 
Hoofdstuk 4 bevat een inventarisatie van trillingen op de aortaklep, prospectief bestu-
deerd op basis van door 5 ervaren personen vervaardigde M-mode-echocardiogrammen 
van kinderen met verschillende hartafwijkingen, zoals die achtereenvolgend gezien werden 
voor echocardiografisch onderzoek op de afdeling kindercardiologie. In het tijdsverloop 
van dit onderzoek (3 maanden) werden 24 kinderen met een graad 2 of 3 muzikaal geruis 
toegevoegd aan de onderzoeksgroep. Als bij kinderen met een muzikaal geruis geen 
turbulente bloedstroming aantoonbaar is, zou anderzijds het muzikaal geruis veroorzaakt 
kunnen worden door het trillen van de omgevende wand- en/of klepstruktuur van de 
uitstroombaan van de linker kamer en de aorta ascendens. Het doel van dit vooronderzoek 
was om te beoordelen in hoeverre bij kinderen met een muzikaal geruis andere trillingen 
op de aortaklep aanwezig zijn, in vergelijking met de trillingen op de aortaklep, die 
doorgaans gezien worden bij kindercardiologische patiënten. De trillingen op de aortaklep 
werden onderverdeeld in 4 typen op basis van een frekwentie van < 100 Hz of ä 100 Hz 
en een amplitude van <1,0 mm of >1,0 mm. In de helft van het aantal M-mode echo-
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cardiogrammen van de aortaklep in dit onderzoek (n=207) werd geen trilling op de klep 
gezien. Zoals te verwachten, werd bij geen enkel kind met een aortaklepvemauwing een 
trilling gezien op de verdikte kleppen. De trilling met een frekwentie van ¿ 100 Hz en een 
amplitude van ¿1 ,0 mm werd gezien bij 50% van de kinderen met een muzikaal geruis, 
terwijl dit type trilling slechts tweemaal (1%) gezien werd bij de resterende groep kin-
deren met de verschillende hartafwijkingen (n=183). Deze bevinding ondersteunt in hoge 
mate de redenering dat de aortaklep of de direkte omgeving daarvan de plaats is waar het 
muzikale geruis ontstaat. 
Hoofdstuk 5 beschrijft het vergelijkende echo-Doppler onderzoek bij schoolkinderen met 
een muzikaal geruis en schoolkinderen zonder hartgeruis. In samenwerking met verschil-
lende schoolartsen werd van 810 schoolkinderen het hart beluisterd door een schoolarts en 
door steeds dezelfde kindercardioloog. Op basis van de auscultatoire bevindingen van de 
kindercardioloog werd een onderzoeksgroep van 112 schoolkinderen met een graad 2 of 3 
muzikaal geruis gevormd. Uiteindelijk werden 84 kinderen met een muzikaal geruis, 
tesamen met 84 gepaarde kinderen zonder een hartgeruis, opgenomen in het vergelijkende 
onderzoek, nadat zij aan o.a. de fonocardiografische voorwaarden hadden voldaan. 
Het vóórkomen van het muzikaal geruis, opgesplitst naar graad 1, 2 en 3 en naar 
leeftijdsklassen, wordt bediscussieerd. 
In vergelijking met de gepaarde kinderen zonder een hartgeruis, werden bij de kinderen 
met een muzikaal gemis signifikante verschillen vastgesteld zoals een lagere frekwentie 
van de hartslag, hogere voltages van de linker kamer op het electrocardiogram, een 
hogere maximale snelheid en ook hogere maximale versnelling van de bloedstroming in 
zowel de uitstroombaan van de linker kamer als de aorta ascendens en tenslotte een 
kleinere diameter van de aorta ascendens. De dimensies van de linker kamer tendeerden 
ook kleiner te zijn doch de verschillen waren statistisch niet signifikant. De systolische 
tijdsintervallen van de linker kamer, parameters voor de kontraktiliteit van het myocard, 
verschilden niet noemenswaardig tussen de kinderen met een muzikaal geruis en de aan 
hen gepaarde kinderen zonder een geruis. Het vóórkomen van valse chordae in de linker 
kamer, in de literatuur genoemd als mogelijke oorzaak van het muzikale geruis, was 
praktisch gelijk in beide groepen kinderen. 
Bij de kinderen met een muzikaal geruis werden vaker trillingen op de aortaklep gezien 
en, indien aanwezig, was de frekwentie en de amplitude van de trilling groter dan bij de 
kinderen zonder een geruis. Het is verrassend, dat een trilling op de aortaklep met een 
frekwentie van ¿100 Hz en een amplitude van ¿1,0 mm voorkomt bij 40% van de kind-
eren met een muzikaal geruis en dat slechts één van de kinderen zonder een hartgeruis 
zo'n trilling op de aortaklep heeft. Deze bevinding ondersteunt in hoge mate het idee dat 
het muzikaal geruis ontstaat in de omgeving van de linker kamer uitstroombaan en de 
aortaklep. 
Hoofdstuk б behandelt het verschil in auscultatole bevindingen tussen schoolartsen en 
een kindercardioloog. De auscultatoire bevindingen van de groep van 810 schoolkinderen, 
zoals beschreven in hoofdstuk 5, werden buiten eikaars medeweten door de schoolarts en 
de kindercardioloog afzonderlijk opgeschreven. Op basis van de auscultane van de 
kindercardioloog was de mate van voorkomen van een graad 1, 2 of 3 muzikaal geruis, 
een graad 2 of 3 muzikaal geruis en een graad 3 muzikaal geruis respectievelijk 41%, 
13% en 1%. De schoolartsen noteerden dergelijke geruisen in respectievelijk 26%, 9% en 
1%. In 30% van de gevallen waarin de kindercardioloog een graad 2 of 3 muzikaal geruis 
beschreef, kwam dit overeen met de bevinding van de schoolarts. In een ander 30% van 
deze gevallen hoorde de schoolarts echter geen enkel geruis. Indien de schoolarts een 
graad 2 of 3 muzikaal geruis hoorde, kwam de bevinding van de kindercardioloog voor 
44% overeen en werd in 14% geen enkel geruis gehoord. De subjectieve interpretatie en 
de variatie in verloop van tijd van de luidheid van de hartgeruisen worden tesamen met 
het verschil in auscultatievaardigheid genoemd als mogelijke oorzaken voor het opvallende 
verschil in auscultatoire bevindingen tussen de schoolartsen en de kindercardioloog. De 
kindercardioloog hoorde 11 afwijkende hartgeruisen, waarvan er twee ook door de 
schoolarts werden gehoord. Deze opmerkelijke verschillen zijn reden om aan te bevelen 
dat schoolartsen aanvullende training krijgen in het onderscheiden van (afwijkende) 
hartgeruisen. 
Hoofdstuk 7 behandelt de slot-discussie over de resultaten van het onderzoek naar de 
mate van voorkomen van het muzikaal geruis, het verschil in auscultatole bevindingen 
rond het muzikaal geruis en de lokalisatie en ontstaanswijze van het muzikaal geruis. 
Deze discussie wordt beëindigd met een lijst van afsluitende opmerkingen: 
Onder schoolkinderen is de mate van vóórkomen van het muzikaal geruis 41%. 
Beperkt tot een graad 2 of 3 muzikaal geruis is de mate van voorkomen 14%. 
Er is nogal een verschil in auscultatoire bevindingen tussen de schoolartsen en de 
kindercardioloog. De schoolarts hoort een aanzienlijk lager aantal onschuldige 
geruisen en de vaststelling van een afwijkend geruis is opmerkelijk laag. 
De frequentie van vóórkomen van valse chordae in de linker kamer bij kinderen 
met een muzikaal geruis en kinderen zonder geruis is vrijwel gelijk. 
Bij kinderen met een muzikaal geruis kan geen turbulente bloedstroming worden 
vastgesteld in de uitstroombaan van de linker kamer en de aorta ascendens. 
De diameter van de aorta ascendens is signifikant kleiner en de dimensies van de 
linker kamer neigen kleiner te zijn bij kinderen met een muzikaal geruis in 
vergelijking met kinderen zonder een geruis. 
In de uitstroombaan van de linker kamer en de aorta ascendens is de maximale 
bloedstroomsnelheid en de maximale versnelling daarvan signifikant hoger bij kin-
deren met een muzikaal geruis in vergelijking met kinderen zonder een geruis. 
Bij 40% van de kinderen met een muzikaal geruis wordt een typische trilling op de 
aortaklep gezien met een hoge frekwentie en een hoge amplitude. 
De kontraktiliteit van het myocard is bij kinderen met een muzikaal geruis niet 
verhoogd t.o.v. de kinderen zonder geruis, daar de systolische tijdsintervallen van 
de linker kamer niet verschillen. De hogere maximale versnelling van de bloed 
stroomsnelheid in de uitstroombaan van de linker kamer en de aorta ascendens 
wordt dus waarschijnlijk veroorzaakt door een relatief kleinere aorta ascendens 
t.o.v. de linker kamer en niet door een hogere contractiliteit van de hartspier. 
Het bij kinderen met een muzikaal geruis tesamen voorkomen van een kleinere 
diameter van de aorta ascendens, een prevalentie van 40% van de type 3 trilling 
op de aortaklep, een hogere bloedstroomsnelheid en de hogere versnelling daarvan 
in de uitstroombaan van de linker kamer en de aorta ascendens geeft een sterke 
aanwijzing dat het muzikale geruis ontstaat in de direkte omgeving van de aorta-
klep. Dit tesamen voorkomen past ook in de "nauwe linker kamer uitstroombaan 
theorie" over de ontstaanswijze van het muzikale geruis. 
Een graad 1 of 2 muzikaal geruis kan als onschuldig beschouwd worden. Het kind 
en de ouders behoren nadrukkelijk gerustgesteld te worden. 
Het is aan te bevelen om een kind met een graad 3 muzikaal geruis (prevalentie 
1%) te verwijzen naar een kindercardioloog. Soms zal echo-Doppler onderzoek 
nodig zijn om een geringe vernauwing in de uitstroombaan van de linker kamer ol 
van de aortaklep vast te stellen of uit te sluiten. 
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STELLINGEN 
behorende bij het proefschrift 
THE VIBRATORY INNOCENT HEART MURMUR 
prevalence, auscultatory and echo-Doppler findings 
1. De matige overeenkomst tussen de uitkomsten van de fonocardiografische en 
echocardiografische metingen van systolische tijdsintervallen van de linker kamer 
geeft aan dat deze vanabelen ter bepaling van de kontraktiliteit van de linker kamer 
behoedzaam geïnterpreteerd dienen te worden. 
(dit proefschrift) 
2. Een geringe lekkage van de tricuspidalis- of de pulmonalisklep kan met Doppler-
echocardiografie vaak waargenomen worden bij gezonde schoolkinderen. Indien 
geen andere afwijking aangetoond kan worden, dan dient deze geringe lekkage als 
onbetekenend beschouwd te worden. 
(Van Dijk AP]. Van Oort AM. Daniels O Right-sided valvular regurgitation in normal children 
determined by combined colour-coded and continuous-wave Doppler echocardiography 
Acta Paedtatr Scand ¡993.82 in press) 
3. Het plaatsen van endovasculaire stents dient bij voorkeur niet te worden toegepast 
bij jonge, nog niet uitgegroeide, kinderen 
(Rosenthal E. Qurtshi SA Stent implantation in congenital heart disease (editorial) 
Br Heart J 1992,67 211-212) 
4. Het nut van thuis-monitoring van broertjes of zusjes van wiegedoodkinderen om 
daarmee plotselinge dood te voorkómen is niet aangetoond. Voor angstreduktie 
bestaat er een even effektieve en minder medikaliserende methode van frekwente 
gewichtskontrole en aandacht/begeleiding door de wijkverpleegkundige. 
(L'Hoir MP, H or stink 1, Neeleman C, H über J, Wolters WHG Zorg voor broertjes en zusjes van 
wiegedoodkinderen Evaluatie van een begeleidingsprojekt over een alternatief voor de home-monitor 
Tijdschr Kindergeneesk 1992ti0 211-220) 
5. De echocardiografie heeft zich in de loop van het laatste 15 jaren ontwikkeld van 
een vooral aanvullende diagnostische methode naast hartkatheterisatie/angiografie 
tot een volwaardige diagnostische methode waarbij zonodig de hartkathetensatie en 
angiografie de aanvullende informatie levert 
6. De snelheid van de toename van het met behulp van Doppler-echocardiografie 
berekende systolische dnikverval over de vernauwde aortaklep bij een kind met een 
valvulairc aortastenose is onvoorspelbaar. Gemiddeld is de toename van het 
drukverval sneller bij jonge kinderen dan bij oudere kinderen. Voor alle leeftijds-
groepen geldt echter dat er na een stabiele fase een vrij plotse toename van het 
drukverval kan ontstaan. 
resultaten evaluatie-onderzoek over de periode 1986-juli 1993 van het Kinderhartcentrum Nijmegen 
door Peter Kiraly, medisch student. Universiteit van Pees, Hongarije 
7. Voor de toekomst van volwassen patiënten met ingewikkelde aangeboren (geope-
reerde) hartafwijkingen is het van groot belang dat zich binnen de academische 
centra cardiologen specialiseren in de begeleiding van deze patiënten, in plaats van 
dat deze kennis oppervlakkig over arts-assistenten in opleiding tot cardioloog 
verspreid wordt. 
8. De Katholieke Universiteit Nijmegen kan het zich niet tot een verdienste aanreke-
nen, dat een staflid van het Academisch Kinderhartcentrum Nijmegen een beroep 
moet doen op de hoogleraar Cardiologie en op een hoogleraar Kindercardiologie uit 
een andere universiteit om als promotoren op te treden voor een promotie op het 
wetenschapsgebied van de kindercardiologie. 
9. Hoewel in de muziektherapie geldt dat muziek rustgevend kan zijn en aanspreekt 
op basale gevoelens, is het onwaarschijnlijk dat de aanwezigheid van een muzikaal 
geruis invloed heeft op de gemoedsgesteldheid van het desbetreffende kind. 
10. Men behoeft niet muzikaal te zijn om het muzikale karakter van het muzikaal 
klinkende onschuldige hartgeruis te kunnen onderkennen. 
Nijmegen, 15 december 1993 A. van Oort 


